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VoL., 1948. 


In Formula (IV), the ‘‘ Br” should be attached to the ‘‘C” immediately below 


it by a vertical bond. 


for ‘* 2-acetoxyethyl sulphide” read ‘‘ methyl 2-acetoxyethyl sulphide’. 





* From bottom of the page. 
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He says about the stereochemical researches based on optical activity, ‘‘ Although the 
researches have not led to any comprehensive generalization, they have revealed a number 
of interesting regularities, which form in some measure a compensation for the enormous amount 
of labour which has been bestowed on the subject, which is admittedly of great complexity.” 

Optical Activity in Homologous Series.—The esters of glyceric and acetylglyceric acid, 
ranging from methyl to octyl, were prepared from levorotatory glyceric acid, obtained by the 
fermentation method (J., 1893, 63, 511, 1410, 1419; 1894, 65, 750, 760; 1897, 71, 253). The 
curves for the rotatory power of the glycerides and acetylglycerates showed a flat maximum in 
the position of the 4th to 6th members of the homologous series, and they ran parallel to one 
another. The positions of the maxima were approximately what would be expected from the 
Crum Brown-Guye hypothesis, but the breakdown of this hypothesis was very clearly evident 
in the case of the methyl and ethyl diacetylglycerates (J., 1894, 65, 750). For these substances, 
two groups around the asymmetric carbon atom are of equal mass and therefore the product of 
asymmetry is zero, whereas both are powerfully optically active. He concludes that since the 
maximum occurs at the same place in the glycerates and acetylglycerates, it is very likely that 
the position of maximum rotation is determined by some property of the hydrocarbon chain 
rather than by the product of asymmetry. 

Frankland studied two further homologous series in some detail, the dibenzoylglycerates 
(J., 1896, 69, 104) and the dimethoxypropionates (j., 1905, 87, 864). In the former, the 
maximum occurred very early in the series at the second member, and in the latter at the 
seventh member. In his presidential address to the Chemical Society in 1912 he summarises his 
own work and that of Tschugaeff, Guye and Chavanne, Pickard, Kenyon, and others on the 
optical rotatory power of homologous systems. ‘‘ In some series there is a progressive change in 
the molecular rotation until a maximum is reached and this is followed by a much less marked 
decline in the rotation, which tends towards a limiting value. In other series, the rotation 
progressively changes, a limiting value being reached without the appearance of any definite 
maximum or minimum. In either case the maximum or limiting value is generally reached at a 
surprisingly early term in the series.”” After a very careful critical exmination of all the 
experimental results (J., 1899, 75, 347), he came to the conclusion that the position of the 
maximum could not be linked with association phenomena, nor could it be accounted for by the 
changes in masses of the groups around the asymmetric carbon chain. He made the suggestion 
that “‘ according to the commonly accepted view of stereochemistry, a continuous chain of five 
carbon atoms will all but return on itself, and beyond this, further addition to the chain will lead 
to such interference as must necessitate a readjustment of the exact position occupied by the 
carbon atoms in the shorter chain. It is surely highly probable that the stereochemical change 
should be betrayed by some irregularity in the rotation manifestations, for example, by the 
exhibition of a rotation maximum.” 

Position Isomerism in Aromatic Compounds on Molecular Rotation.—The introduction of 
a cyclic group such as benzoyl, toluoyl, pyromucyl, or phenacetyl in near proximity to an 
asymmetric carbon atom always produced a marked change in the optical rotatory power. 
The deviation was sensitive to small changes in the constitution of the cyclic group and thus 
afforded a means of studying the stereochemical changes occurring on substitution. Frankland 
suggested (J., 1896, 69, 1309, 1583; 1898, 73, 307; 1901, 79, 266) that for reasons based on the 
relative position of the centre of gravity of the aromatic nucleus, the effect on the optical 
rotatory power of the o-, m-, and p-substituted benzoyl groups should be in the order 
ortho<phenyl<meta<para. This was found to be generally true, although some anomalous 
effects due to variable temperature coefficients of the rotatory power or possibly to association 
to double molecules were responsible for minor irregularities. It was almost invariably found 
that the o-toluoyl group had a rotatory effect of a different order from those of the phenyl and 
m- and p-toluoyl groups, which were always close together, but the relative order of the last 
three groups was in a few cases not in line with the above sequence. The validity of the rule 
was confirmed by Cohen (J., 1910, 97, 1732) for a large number of substituted methyl benzoates, 
and in all of the nine cases studied, the rule, ortho<phenyl< meta was found to hold. 

A number of series were found for which the reverse order held, the dextrorotatory effect 
of the substitutions being in the order, para< phenyl<meta< ortho for the methyl and ethyl 
toluoylmalates (J., 1899, 75, 337) and ditoluoylglycerates (ibid, p. 493). 

Series in which the methyl group was replaced by the nitro-group and the halogens followed. 
The esters of the di- o-, -m-, and -p-nitrobenzoyltartrates were compared with the toluoyl deriv- 
ative (J., 1904, 85, 1571). The order for the methyl esters was para<_meta< ortho, and for the 


ethyl esters the same relationship held at high temperatures, but the ethyl di-o-nitrobenzoyl- 
60 
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tartrate had an anomalously high temperature coefficient, which led to departures from the 
rule at the lower temperatures. In the final paper on the series on benzoyltartrates (J., 1912, 
101, 2470), the chloro-, bromo-, and iodo-derivatives gave very convincing support for Frankland’s 
rule, supplementing it by some very interesting conclusions which showed the sensitiveness of 
this method of approach to stereochemistry. The halogens exert an influence on the rotatory 
power which is of the same kind as that of the methyl group in the toluoyl radical, but in a 
greater degree. The order para<meta<ortho is maintained, but the rotatory effect increases 
with the atomic weight of the halogen. 

The same general relationships were found when the cyclic group was attached to the amido- 
groups of tartramide (J., 1903, 83, 1349). The order of exaltation was para >meta >anilide > 
ortho, the substitution behaving similarly to that of the same aromatic groups into the hydroxyl 
groups of tartaric acid. A close parallelism was found between the effects of the acetyl, 
phenacetyl, benzoyl, and toluoy! groups replacing the hydrogen atom of the hydroxyl groups of 
the optically active hydroxy-acids and those due to ethylamine, benzylamine, aniline, and 
toluidine replacing the hydroxyl of the carboxyl group. Although the halogens replacing methyl 
in the aromatic groups (J., 1910, 97, 154) increase the exaltation they, however, appear to have 
an effect by virtue of their electronegative character, which Frankland suggests is possibly due 
to the intramolecular attraction forces between the negative group and the hydrogen of the 
tartaric nucleus, which changes the asymmetry. 

Rotatory Effects of Specific Groups.—A very large amount of data was accumulated by 
Frankland and his pupils on the specific effects of particular groups, notably on the effects of 
double bonds, cyclic groups, and nitro-groups as compared with methyl groups, halogen groups, 
etc. The work is difficult to summarise, since the effect of the substitution depended on the 
asymmetry of the molecule as a whole, and also on the solvent used. Certain regularities were, 
however, found, some of which are summarised in his presidential address in 1912 (J., 1912, 101, 
654). 

Unsaturation. ‘‘ There is a general consensus of opinion that of two similar groupings, 
the one saturated and the other unsaturated, the latter will have the greater rotatory effect. It would, 
however, in my opinion, be more correct to say that the presence of unsaturation leads to an 
irregularity in the rotatory effect, and not necessarily to an increase in rotation.’’ The relations 
are not so simple and harmonious as at first supposed; in some cases, the double linking has a 
smaller effect on the rotatory power than the saturated grouping. Conjugated double bonds, 
however, exercise a very powerful exaltation, as pointed out by Rupe and Hilditch. 

In the case of some n-propyl and allyl derivatives of menthol (j., 1911, 99, 2325) the 
differences were small, and this is ascribed to the great distance of the double bond from the 
asymmetric carbon atom. The constitutional change is made at such a great distance from the 
asymmetric carbon atom that it has little effect on the rotation. 

It was shown that, in the substitution of both tartramide (J., 1906, 89, 1852) and malamide 
(ibid., p. 1899) by n-propyl and allyl alcohol respectively, the -propyl derivative had the 
higher rotation, which is contrary to the accepted rule. Here again the active group is 3 or 4 
carbon atoms removed from the asymmetric atom. The behaviour in these substances is also 
very much affected by the solvent in which the rotation is measured. 

However, in certain derivatives of tartramide, NHR°‘CO-[CH’OH],‘CO’NHR, in which R 
is varied, the influence of unsaturation is brought out very clearly (J., 1903, 83, 1349). 


| | 
—C—CO:NH, + 158° —C—CO-‘NH‘N:CH-C,H, + 554° 


| | 
—C—CO-NH:NH, + 170° a leat + 736° 


Cyclic groups. Frankland investigated the changes in rotatory power due to the intro- 
duction of conjugated and saturated cyclic groups into the optically active molecule. The 
rotation was not appreciably affected by saturated rings, but with conjugated rings there was 
a marked exaltation when they were introduced into tartrates and tartramides (jJ., 1896, 69, 
1309, 1583; 1901, 79, 511; 1903, 88, 1342, 1349; 1906, 89, 1852). The furan ring was similar 
to benzene in giving a considerable exaltation of the rotation, and the tetrahydrobenzene ring 
in ac-tetrahydro-$-naphthyl groups, being a saturated ring, exerted a very small rotatory effect. 





ai ae ee ke ee 


Se, Sl. el el 


[1948] Wright : The Constitution of Evodione. 2005 


The a-naphthyl group was found to resemble the o-toluoyl group and the 8-naphthyl group the 
p-toluoyl group in their general effects. The effect of isomerism in the cyclic group has been 
dealt with on page 2003. 

Nitro-groups. Frankland devoted much attention to the rotatory influence of the nitro- 
group relative to that of the methyl group. The dinitrotartaric acids and the methy] esters of 
mononitro- and dinitro-tartaric acids were investigated (J., 1903, 83, 154, 168). Also, the 
diethyl monobenzoyl- and mono-p-toluoyl-tartrates were nitrated. From these experiments 
and those quoted earlier, it is concluded that NO, has a higher rotatory effect than CH, and 
O-CH, when attached to a ring, but when present as O*NO, it has a less effect than O*CHsg. 
These differences he ascribes to modifications in the chemical constitution of NO, when attached 
directly to carbon or through oxygen. The summary of a very complex situation as regards the 
relative effects of NO, and CH, groups is given by Frankland in the paper in 1903 (p. 168). 

In the years preceding the first world war, Frankland was extending his range of interests 
in the stereochemical field. This is shown by his two presidential addresses to the Chemical 
Society in 1912 and 1913. He commenced researches on the Walden inversion (J., 1914, 105, 
456, 1101) and on rotation dispersion (J., 1919, 115, 636). With the onset of the war his 
activities were entirely absorbed in Government work, and, since he retired immediately after 
the war, these lines were not further pursued by him. 


W. E. GARNER. 





405. The Constitution of Evodione. 
By S. E. WRiGHrt. 


Evodione, a colourless crystalline ketone isolated from the volatile oil of Evodia Elleryana 
has been further investigated. Degradation experiments here recorded indicate it to be 5: 7 : 8- 
trimethoxy-6-acetyl-2 : 2-dimethyl-1 : 2-benzpyran. Ultra-violet absorption spectra data 
support the evidence. 


PREVIOUS work on evodione has shown that its molecular formula is C,,H,,O,, and that one 
ketonic and three methoxyl groups are present (Jones and Wright, University of Queensland 
Chem. Papers, 1946, No. 27). When evodione is subjected to catalytic hydrogenation, a 
dihydro-derivative C,,H,».O, is obtained, characterised by its semicarbazone, 2: 4-dinitro- 
phenylhydrazone, and benzylidene derivative. Oxidation with permanganate in cold acetone, 
gives a dibasic acid, C,,H,,O,. Since this acid is formed without loss of carbon atoms it appears 
that a ring structure has been ruptured, most probably at the double bond revealed by 
hydrogenation, for the dihydro-derivative is not attacked by permanganate in acetone. When 
this dibasic acid is heated just above its melting point, decomposition occurs to give carbon 
dioxide, traces of acetic acid, a white crystalline sublimate identified as «-hydroxyisobutyric 
acid, and a glassy amorphous residue. This solid residue on extraction with sodium carbonate 
yields a liquid phenol which on methylation is converted into 2:3: 4: 6-tetramethoxy- 
acetophenone, identified by comparison of its 2: 4-dinitrophenylhydrazone with that of an 
authentic sample prepared by synthesis. The solubility of this phenol in sodium carbonate 
indicates that the free phenolic group is in the p-position to the carbonyl. After removal of 
the carbonate-soluble material, the residue on extraction with sodium hydroxide solution gives 
a second liquid phenol. This phenol on methylation and subsequent treatment with acetyl 
chloride in the presence of aluminium chloride is converted into 2:3: 4: 6-tetramethoxy- 
acetophenone. 

These reactions are explained satisfactorily if evodione is regarded as 5 : 7 : 8-trimethoxy-6- 
acetyl-2 : 2-dimethyl-1 : 2-benzpyran (I), oxidation yielding the dibasic acid (II) which on 


MeO O09 MeO O-CMe,°CO,H a 
MeoZ Me, © Me0Z -_ Pyrolysis. MeO? \OH 
wees an a Meo, ——> mecol | + HO-CMe,CO,H 
Mos Cc Me CO,H Me 
(T.) (II.) (IIT.) (v.) 


pyrolysis gives 4-hydroxy-2 : 3: 6-trimethoxyacetophenone (III) and «-hydroxyisobutyric 
acid (IV). The second phenol obtained after pyrolysis is presumably 2 : 3 : 5-trimethoxyphenol, 
being derived most probably from (III) by deacetylation. 
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A qualitative test for the 2:2-dimethylbenzpyran nucleus has been developed (Bell, 
Robertson, and Subramanian, /J., 1936, 627), and depends upon the formation of acetone when 
the material is hydrolysed by refluxing with concentrated aqueous or alcoholic potassium 
hydroxide. Evodione, however, resists hydrolysis with either aqueous or alcoholic potassium 
hydroxide and is recovered unchanged after refluxing with boiling 25% alcoholic potassium 
hydroxide for 8 hours. Attempts to hydrolyse it with 33% alcoholic potassium hydroxide at 
15 lbs. pressure for 2 hours also failed. 

The decomposition of the dibasic acid (II) to give a-hydroxyisobutyric acid resembles that 
undergone by nicouic acid and tephrosindicarboxylic acid (Clark, J. Amer. Chem. Soc., 1932, 54, 
3000), and supports the presence of the gem-dimethylbenzpyran ring in evodione. The behaviour 
of evodione on oxidation with acetone—permanganate is similar to that of the methyl ether of 
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(I) Evodionol methyl ether (5: 7-dimethoxy- (I) Benzylidene-evodione. 
6-acetyl-2 : 2-dimethyl-1 : 2-benzpyran).* (II) Benzylidene-evodionol methyl ether.* 
(II) Evodione. (III) Benzylidenedihydroevodione. 
(III) Dihydroevodionol methyl ether (5: 7-di- * : 
methoxy-6-acetyl-2 : 2-dimethylchroman).* mating, Sas. att. 
(IV) Dihydroevodione. 


* Lahey, Joc. cit. 


evodionol, a phenolic ketone isolated from the volatile oil of Evodia littoralis and shown to be 
7-hydroxy-5-methoxy-6-acetyl-2 : 2-dimethyl-1 : 2-benzpyran (Lahey, Univ. Queensland Chem. 
Papers, 1942, No. 20); this gave a dibasic acid similar to (II) but lacking a methoxyl group in 
the position adjacent to the side chain. When this acid was esterified with methyl alcohol in the 
presence of sulphuric acid, decarboxylation occurred with loss of the nuclear carboxyl group. 
When the dibasic acid (II) obtained from evodione is esterified with methyl] alcohol and sulphuric 
acid no decarboxylation occurs but a monomethyl ester, C,,H,,0,,H,O, is obtained. Complete 
esterification is accomplished by using diazomethane, giving a dimethyl ester, C,,H,,O,. It 
would appear that the extra methoxy] group present in the dibasic acid from evodione stabilises 
the nuclear carboxy] group, but steric effects prevent it from being esterified unless diazomethane 
is used. 

Further evidence of the close relationship between evodionol and evodione was obtained by 
a comparison of the ultra-violet absorption spectra of closely related derivatives of each compound 
(Figs. 1 and 2). 
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Absorption data for solutions in alcohol. 


Amax., mp. €max. Amin., mp. 
Evodione 257 15,500 —_ 
~310 2,100 
Dihydroevodione 272 4,690 254 
Benzylidene-evodione 288 29,000 255 
Benzylidenedihydroevodione 296 21,000 251 


EXPERIMENTAL, 
Melting points are uncorrected. 


Dihydroevodione.—Evodione (1-46 g.) was hydrogenated in alcohol at 2 atm. pressure using Adams’s 
platinum oxide catalyst (absorbed 116 c.c., N.T.P.) ; a colourless product was obtained which crystallised 
from light petroleum in needles, m. p. 63° (Found: C, 65-5; H, 7-5; OMe, 31-8. C,,H,,O, requires 
C, 65-3; H, 7-54; 30Me, 32-3%). 

Dihydroevodione 2 : 4-dinitrophenylhydrazone, crystallised from alcohol in yellow needles, m. p. 162° 
(Found: N, 11-9. C,,H,,O,N, requires N, 11-38%). 

Dihydroevodione semicarbazone. Dihydroevodione (0-2 g.), dissolved in alcohol (2 c.c.) and pyridine 
(1 c.c.), was treated with semicarbazide hydrochloride (0-2 g.) dissolved in hot water (5c.c.). The solution 
was evaporated on a water-bath to dryness, and the solid product recrystallised from dilute alcohol; 
m. p. 178—179° (Found: N, 12-1. C,,H,,0,N, requires N, 11-96%). 

Benzylidenedihydroevodione. Dihydroevodione (0-2 g.) was dissolved in alcohol (10 c.c.) and treated 
with benzaldehyde (0-2 g.) and 4% sodium hydroxide solution (8 c.c.). The mixture was shaken for 
1 hour and then left overnight. Pale yellow plates separated which were recrystallised from alcohol; 
the —— had m. p. 103° (Found: C, 72-5; H, 7-0. C,3H,,.O, requires C, 72-23; H, 6-85%). 

Oxidation of Evodione.—Evodione (5 g.) dissolved in dry acetone (200 c.c.) was treated with potassium 
permanganate at room temperature with mechanical stirring until no more permanganate was reduced 
(12 g. used in approximately 12 hours). Water was added and the excess of permanganate reduced with a 
little sodium sulphite. The sludge of manganese dioxide was filtered off and washed with hot water. The 
filtrate and washings were combined and evaporated under reduced pressure to small volume. The 
solution was then acidified and extracted thrice with ether. When the ether was removed a colourless 
crystalline acid (II) was obtained and recrystallised from etheror water. It melted at 178° (decomp.). 
Yield 3-75 g. (Found: C, 54-0; H, 5-7; OMe, 26-4; equiv. by titration, 180; equiv. by silver salt, 179. 
CygH 0, requires C, 53-93; H, 5-6; OMe, 26-1%; equiv., 178, dibasic). 

Esterification of the Dibasic Acid.—(a) With methyl alcohol-sulphuric acid. The dibasic acid (II) 
(0-6 g.) was dissolved in methyl alcohol (30 c.c.) and sulphuric acid (1 g.), and the solution refluxed for 
8 hours, cooled, diluted with water, and extracted withether. Theether layer was extracted with sodium 
carbonate solution, which on acidification and extraction with ether gave a crystalline acid. The acid 
crystallised from ether-light petroleum in needles, m. p. 95°. Yield 0-4 g. (Found; C, 52-4; H, 6-2; 
equiv. by titration, 383. C,,H,.0,,H,O requires C, 52-5; H, 6-18%; equiv., 388, monobasic). 0-0776G. 
required 0-8 c.c. of N/2-sodium hydroxide for saponification, and the recovered acid recrystallised from 
ether had m. p. 178°, mixed m. p. with original dibasic acid 178°. When heated in a vacuum at 110° for 
4 hours in an Abderhalden drier (concentrated sulphuric acid), 0-0288 g. of the monomethyl ester lost 
0-013 g. of water (calc. for loss of one mol. of water, 0-0134 g.) The resulting anhydrous acid was a 
viscous liquid which would not crystallise (Found : C, 54-6; H,6-0. C,,H,,O, requiresC, 55-1; H, 599%). 

(b) With diazomethane. The dibasic acid (II) (0-5 g.) was left overnight with excess of diazomethane 
in ether. The excess of diazomethane was decomposed with acetic acid, and the ether solution washed 
with sodium carbonate. When the ether was removed an ester was isolated and recrystallised from 
ether-light petroleum; m. p. 77-5°. Yield 0-5 g. (Found: C, 56-3; H, 6-3. C,,H,,O, requires C, 56-2; 
H, 6:29%). 0-6G. of the dimethyl ester required 3-1 c.c. of N/2-sodium hydroxide for saponification, and 
the recovered acid had m. p. 178°, mixed m. p. with original dibasic acid, 178°. 

Pyrolysis of the Dibasic Acid.—The dibasic acid (II) (2 g.) was heated in a wide-mouthed test-tube 
connected by a delivery tube through a liquid-air trap to a vacuum pump. The temperature was 
maintained just above the m. p. of the acid (180—190°) until no more decomposition was noted. During 
the heating a sublimate of colourless crystals formed in the delivery tube. This solid was acidic and 
hygroscopic, had m. p. 78—79°, and gave no melting point depression when mixed with an authentic 
sample of a-hydroxyisobutyric acid. Traces of acetic acid were collected in the liquid-air trap and 
identified by qualitative tests. In another experiment, the acid (0-2 g.) was sealed in a tube under high 
vacuum and heated to 180° until no more gas was evolved. The tube was then connected to a high- 
vacuum system and the gases distilled off, water vapour being collected in a trap at — 40° and a sublimate 
of carbon dioxide in the liquid-air trap. 

The solid residue remaining after pyrolysis was dissolved in ether and extracted with sodium carbonate 
and then with sodium hydroxide solution. On acidification, the sodium carbonate solution yielded a 
dark liquid (0-4 g. from 2 g. of acid) which gave a red-brown colour with ferric chloride. This liquid 
did not crystallise, and was methylated by refluxing with methyl sulphate and anhydrous potassium 
carbonate in dry acetone. The resulting methylated product gave a 2: 4-dinitrophenylhydrazone, 
133%). from alcohol in orange needles, m. p. 168° (Found: N, 13-0. C,,H,,O,N, requires N 

‘oO . 

A carbonate-soluble phenol was also obtained when the dibasic acid (0-5 g.) was refluxed with 20 c.c. 
of quinoline and 1 g. of copper bronze for } hour, and when methylated gave the same 2 : 4-dinitrophenyl- 
hydrazone, m. p. 168°. A sample of 1 : 2: 3 : 5-tetramethoxybenzene was prepared by synthesis from 
2 : 6-dimethoxybenzoquinone (Chapman, Perkin, and Robinson, J., 1927, 3015) and converted into 
2:3: 4: 6-tetramethoxyacetophenone by reaction with aluminium chloride in carbon disulphide solution 
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(Bargelli and Bini, Atti R. Accad. Lincei, 1920, 19, 595). The 2: 4-dinitrophenylhydrazone of this 
compound melted at 168° and showed no depression with the above 2 : 4-dinitrophenylhydrazone. 

When the sodium hydroxide solution was acidified, a liquid phenol (0-1 g. from 2 g. of acid) was 
obtained which gave a purplish-brown colour with ferric chloride solution. The liquid was methylated 
with diazomethane in ether, and the product distilled in a vacuum. The distillate (0-1 g.) proved 
difficult to crystallise and was therefore dissolved in acetyl chloride (0-2 c.c.), treated with aluminium 
chloride (1 g.), and cooled in ice-water. After } hour the product became semi-solid, and ice-cold water 
was added. The liquid was then extracted with ether, and the ether solution washed with dilute sodium 
hydroxide. The ether was removed, and the product distilled in a vacuum and treated with 2 : 4-dinitro- 
phenylhydrazine sulphate in alcohol to give a 2: 4-dinitrophenylhydrazone, m. p. 168° after recrystallis- 
ation from alcohol. This gave no depression when mixed with the 2: 4-dinitrophenylhydrazone of 
2:3:4: 6-tetramethoxyacetophenone. 


The author wishes to thank Professor T. T. H. Jones for his interest in this work, and the Commonwealth 
Government Research Fund for a grant. 
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406. Polyquinolyls. 
By S. G. WALEyY. 

A stepwise synthesis of 2: 6’-polyquinolyls has been effected. 2-(p-Aminopheny]l)- 
quinoline (I; R = R’ = H) has been condensed with £-6-quinolylacraldehyde (V) to give 
2 : 6’-triquinolyl (VI), and with p-nitrocinnamaldehyde to give 2-(4’-(p-nitrocinnamylidene)- 
aminophenyl]quinoline (VII), or, under more vigorous conditions, 2’-(p-nitrophenyl)-2 : 6’-di- 
quinolyl (IX; R = NO,). Reduction of the latter gave 2’-(p-aminopheny])-2 : 6’-diquinolyl 
(IX; R = NH,) which reacted with the aldehyde (V) to give 2 : 6’-tetraquinolyl (X). 2: 6’- 
Diquinolyl-4-carboxylic acid (III; R = CO,H) has been prepared from 6-acetylquinoline 
(II; R = Me) and isatin; decarboxylation gave 2 : 6’-diquinolyl (III; R = H). 


THERE are several examples known of a series of short-chain molecules which are rigid in the 
sense that rotation does not alter the length. Thus, the polyphenyls form such a series (Busch 
and Weber, J. pr. Chem., 1936, 146, 1; Bowden, J., 1931, 1111; Miller and Topel, Ber., 1939, 
72, 290; Gillam and Hey, J., 1939, 1170). This series, however, cannot be ascended by step- 
wise synthesis. The 2: 6’-polyquinolyl series has now been investigated (the convenient name 
polyquinoly] has been retained here). The quinoline syntheses used were the Débner (Annalen, 
1888, 249, 98), the Pfitzinger (J. pr. Chem., 1886, 33, 100), and the Débner-v. Miller (Ber., 
1883, 16, 1664). 

p-Acetamidobenzaldehyde (Beard and Hodgson, J., 1927, 20) was condensed with aniline 
and pyruvic acid, according to the method of Ddbner, to give 2-(p-acetamidophenyl)quinoline- 
4-carboxylic acid (I; R= CO,H, R’ = COMe), also prepared by acetylation of the amine 
(I; R= R’=H). This amine was prepared by John (J. pr. Chem., 1934, 139, 17) from isatin 
and p-aminoacetophenone; the latter could conveniently be replaced by the p-acetamido- 
acetophenone obtained from acetanilide (Kunckell, Ber., 1900, 33, 2641). When, however, 
p-acetamidobenzaldehyde was condensed with 2-(p-aminophenyl)quinoline (I; R = R’ = H) 
and pyruvic acid no pure product could be isolated. 
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The early syntheses of quinoline-6-carboxylic acid (II; R = OH) (Skraup and Brunner, 
Monatsh., 1881, 2, 518; Georgievics, ibid., 1891, 12, 306) were not found satisfactory, but the 
modified Skraup synthesis of Cohn (J. Amer. Chem. Soc., 1930, 52, 3685) proceeded smoothly 
when applied to p-aminobenzoic acid. Direct esterification of the crude acid gave a good 
overall yield of ethyl quinoline-6-carboxylate (II; R = OEt), and this method seems more 
convenient than that described recently by Seibert, Norton, Benson, and Bergstrom (ibid., 
1946, 68, 2721). Condensation of ethyl quinoline-6-carboxylate with ethyl acetate in the 
presence of sodium ethoxide gave 6-acetylquinoline (II; R = Me), which underwent the 
Pfitzinger condensation with isatin to give 2 : 6’-diquinolyl-4-carboxylic acid (III; R = CO,H) 
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in good yield. Decarboxylation in the presence of copper carbonate readily gave 2: 6’-di- 
quinolyl (III; R = H), which had previously been obtained from 2-(p-aminopheny])quinoline 
(Weidel, Monatsh., 1887, 8, 140). Attempts to prepare higher polyquinolyls by the Pfitzinger 
synthesis were unsuccessful, since the quinolylisatins (IV) could not be prepared. Amino- 
phenylquinolinecarboxylic acid (I; R = CO,H, R’ = H) reacted with chloral and hydroxyl- 
amine to give 2-(p-oximinoacetamidophenyl)quinoline-4-carboxylic acid (1; R= CO,H, R’ = 
CO-CH:NOH), but the isatin (IV; R = CO,H) could not be isolated after treatment with 
sulphuric acid (cf. Sandmeyer, Helv. Chim. Acta, 1919, 2, 234). No pure products could be 
isolated from the condensation of ethyl mesoxalate with either aminophenylquinoline (I; 
R = R’ = H) or the acid (I; R = CO,H, R’ = H). 

In view of the apparent difficulty in causing cyclisation of derivatives of 2-(p-aminopheny])- 
quinoline, the quinoline synthesis of Débner—v. Miller was investigated, since although the 
yields are usually low this synthesis very rarely fails. Quinoline-6-aldehyde (Rodinov and 
Berkengeim, J. Gen. Chem. Russia, 1944, 14, 330) was condensed with acetaldehyde in an alkaline 
benzene—water emulsion to give $-6-quinolylacraldehyde (V). This aldehyde was heated with 
aminophenylquinoline (I; R = R’ = H) and hydrochloric acid to give a low yield of the 
desired 2 : 6’-triquinolyl (VI), a high-melting solid which could be sublimed in a vacuum. 
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p-Nitrocinnamaldehyde was prepared from -nitrobenzaldehyde (Fecht, Ber., 1907, 40 
3898); details of this preparation are given in the Experimental section because the original 
description is brief and the conditions were found to be rather critical. When p-nitrocin- 
namaldehyde was heated with the amine (I; R = R’ = H) and hydrochloric acid at 140°, 
the sole product isolated was 2-[4’-(p-nitrocinnamylidene)aminophenyl|quinoline (VII). This 
structure was confirmed by fission with dinitrophenylhydrazine in sulphuric acid to the dinitro- 
phenylhydrazone of p-nitrocinnamaldehyde (VIII), and by the alternative preparation of (VII) 
from p-nitrocinnamaldehyde and the amine (I; R= R’ =H) in ethanol solution. The 
isolation of the anil (VII) under the conditions used in the Débner-—v. Miller reaction suggests 
that such anils may be intermediates in the formation of quinolines (cf. Manske, Chem. Reviews, 
1942, 30, 113), and also shows how stable such highly conjugated anils are to acids. Cyclisation 
of the anil (VII) to 2’-(p-nitrophenyl)-2 : 6’-diquinolyl (IX; R = NO,) was effected by hydro- 
chloric acid at 175° in a sealed tube or, more conveniently, by prolonged boiling with arsenic 
pentoxide in 60% sulphuric acid. ; 
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The low solubility and basic properties of the nitro-compound (IX; R = NO,) rendered 
its reduction awkward since under ordinary conditions stannous chloride gave a mixture of 
insoluble stannichlorides whose decomposition yielded a difficultly separable mixture of bases. 
2’-(p-Aminophenyl)-2 : 6’-diquinolyl (IX; R = NH,) was, however, prepared in good yield 
by continuous extraction of the nitro-compound (IX; R = NO,) with a solution of stannous 
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chloride in 20% hydrochloric acid. Condensation of the amine (IX; R = NH,) with the 
quinolylacraldehyde (V) in hydrochloric acid at 150° gave 2 : 6’-tetvaquinolyl (X), a colourless 
solid fairly soluble in hot quinoline. When this condensation was effected in dioxan, 2’-[4’’- 
(6’’’-quinolyl-B-acrylidene)aminophenyl]-2 : 6’-diquinolyl (XI) was isolated. 


EXPERIMENTAL. 


2-(p-A cetamidophenyl)quinoline-4-carboxylic Acid (1; R=CO,H, R’ = COMe).—p-Acetamido- 
benzaldehyde (8 g.), freshly-distilled pyruvic acid (3-46 c.c.), and aniline (4-5 c.c.) were refluxed in 
ethanol (100 c.c.) for 2 hours and kept overnight. The quinoline (5-4 g.) separated as a eee 
which crystallised from ethanol in yellow prisms, m. p. 278—279° (decomp.) (Found: C, 63-2; H, 5-1; 
N, 8:25. C,,H,,O,N,,2H,O requires C, 63-1; H, 5-3; N, 8-2%). 

The amine (I; R = CO,H, R’ = H) was prepared i in 92%, vield by the condensation of p-acetamido- 
acetophenone (14-3 g.) with isatin (11-9 g.) in 50% aqueous potassium hydroxide (36 c.c.); acetylation 
with acetic anhydride in acetic acid gave the acetamido-compound (I; R = CO,H, R’ = COMe) 
identical with that prepared above. 

Decarboxylation of the amino-acid (I; R = CO,H, R’ = H) gave the amine (I; R = R’ = H) 
(John, Joc. cit.), from which a benzylidene derivative was prepared, crystallising from propanol in colour- 
less leaflets, m. p. 156° (Found : C, 85-3; hh, 5-2; N, 9-7. C,,H,,N, requires C, 85:7; H, 5-2; N, 9-1%). 

Ethyl Quinoline- 6-carboxylate (II; R= OEt) .—p-Amirobenzoic acid (55 g.), p-nitrobenzoic acid 
(42-6 g.), ferrous sulphate (14 g.), boric acid (24 g.), glycerol (188 g.), and concentrated sulphuric acid 
(70 c.c.) were refluxed for 20 hours. The mixture was diluted with water, basified with 5N-sodium 
hydroxide, filtered, and the filtrate acidified with acetic acid and kept at 0°. The crude, acetone- 
washed acid (90 g.) was refluxed with ethanol (650 c.c.) and concentrated sulphuric acid (110 c.c.) for 
5 hours and the solution concentrated ; after dilution with water and basification, the ester was isolated 
with chloroform and distilled, b. p. 130—150°/2 mm., m. p. 56°, yield 78 g., 60% (Found: N, 7:2. 
Calc. for C,,H,,O,N: N, 7-0%). 

6-Acetylquinoline (II; R = Me).—Ethyl acetate (7-2 c.c.) and ethyl quinoline-6-carboxylate (10 g.) 
were added to sodium ethoxide (5-07 g.) in benzene (8 c.c.); the mixture was refluxed for 18 hours, and 
poured on n-sodium hydroxide (10 c.c.), ice (10 g.), and ether (10 c.c.). The yellow solid was collected, 
and the aqueous layer of the filtrate acidified with carbon dioxide and extracted with ether. The residue 
after distillation of the ether was added to the yellow solid and heated with 17% hydrochloric acid at 
100° for 14 hours. After basifying with aqueous potassium carbonate, the ketone was isolated with 
ether and distilled, b. p. 145°/2 mm., yield 4-4 g., 52%; it crystallised from light petroleum in colourless. 
rhombs, m. p. 77° (Found: C, 77:2; H, 5-2; N, 8-5. C,,H,ON requires C, 76-9; H, 5-3; N, 8-2%). 

2 : 6’-Diquinolyl-4-carboxylic Acid (III; R = CO,H).—6-Acetylquinoline (3-4 g.), isatin (2-9 g.), 
and potassium hydroxide (4-5 g.) in water (12 c.c.) and ethanol (20 c.c.) were boiled under reflux for 
6 hours, the ethanol distilled off, and the solution diluted and acidified with acetic acid; the acid 
separated aoe 4: 9 g., 82%) and crystallised from quinoline in colourless _— m. p. 334° (decomp. ) 
(Found: C, 76-5; H, 4:3; N, 9-7. C,sH,,0,N, requires C, 76:0; H, 4:0; N, 9-3%). 

a 6/-Diguinoiyl (III; R = H).—2: 6’- -Diquinolyl-4-carboxylic ‘acid (4: 9 g.) was powdered with 
copper carbonate (0-5 g.) and the mixture heated till the effervescence ceased. The product was. 
distilled, b. p. 210—250°/3 mm., and the diquinolyl solidified (yield 3-4 g., 81%), m. p. 144° (Weidel, 
loc. cit., gives m. p. 144°) (Found: C, 84-4; H, 4:7; N, 11-3. Calc. for C,,H,,.N,: C, 84:3; H, 4-7; 
N, 10-9%). 

2-(p-Oximinoacetamidophenyl)quinoline-4-carboxylic Acid (I; R =CO,H, R’ = CO-CH:NOH).— 
2-(p-Aminophenyl)quinoline-4-carboxylic acid (8-8 g.) in concentrated hydrochloric acid (3-4 c.c.) and 
water (40 c.c.) was added to chloral hydrate (6 g.) in water (60 c.c.) and ethanol (60 c.c.); hydroxylamine. 
hydrochloride (7-2 g.) was then added and the mixture boiled gently for 35 minutes and vigorously for: 
5 minutes, cooled, and neutralised with aqueous sodium hydroxide. The product separated and 
crystallised from pyridine-ethanol in yellow needles, m. p. 257—-258° (decomp.) (yield 4-6 g., 38%) 
(Found Ps C, 64-3; H, 4:0; N, 12-7. C,,H,,0,N, requires C, 64-5; H, 3-9; N, 12-5%). 

B-6-Quinolylacraldehyde (V).—Acetaldehyde (1-5 c.c.) in water (20 c.c.) was added to quinoline-6- 
aldehyde (2-6 g.) in benzene (10 c.c.) and aqueous sodium hydroxide (8 c.c.; 5-7%), and the mixture. 
stirred at 3° for 3 hours. The aldehyde separated, was triturated under ethanol, and then recrystallised 
from ethanol, yield 1 g., 33%, m. p. 162—163° (Found: C, 78-8; H, 5-1; N, 7-9. C,,H,ON requires 
C, 78-7; H, 5:0; N, 7-6%). Other conditions, such as the use of aqueous alcohol as solvent, for this. 
condensation gave no pure product. 

2 : 6’-Triquinolyl (VI1I).—f-6-Quinolylacraldehyde (0-37 g.), 2-(p-aminophenyl)quinoline (0-48 g.), 
and concentrated hydrochloric acid (5 c.c.) were heated together in a sealed tube at 150° for 5 hours. 
Dilute hydrochloric atid was added, the solution filtered, the filtrate basified, and the brown powder 
collected. After trituration with ethanol, the residual ¢riquinolyl crystallised from quinoline in colourless. 
plates (0-027 g.), m. p. 267—269° ; high-vacuum sublimation did not raise the m. p. (Found: C, 84-45; 
H, 4:6; N, 11-1. C,,H,,N; requires C, 84-6; H, 4-5; N, 11-0%). 

p-Nitrocinnamaldehyde.—Methanolic potassium hydroxide (3°5 c.c.; 25%) was added dropwise to. 
a vigorously-stirred suspension of finely-powdered p-nitrobenzaldehyde (75 g.) in freshly-distilled 
acetaldehyde (185 c.c.); the mixture was kept at 5—7° during the addition. Acetic anhydride (120 
c.c.) was added, the solution heated to 120° for 1 hour, poured into water (450 c.c.), and, after the 
addition of 4- -35N-hydrochloric acid (180 c.c.), refluxed for 30 minutes. The next day, the nitrocinnam- 
ae was collected, washed with water, and recrystallised from ethanol (64-7 g., 72%), m. p. 

2-[4’-(p-Nitrocinnamylidene)aminophenyl]quinoline (VII).—(a) p-Nitrocinnamaldehyde (4-2 g.) was. 
added to 2-(p-aminophenyl)quinoline (6-3 g.) in concentrated hydrochloric acid (12 c.c.); after the 
addition of further concentrated hydrochloric acid (5 c.c.) the mixture was refluxed for 5 hours. Extrac-. 
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tion with hot concentrated hydrochloric acid (40 c.c.) left a yellow solid which was added to aqueous 
sodium hydrogen carbonate, the mixture heated, and the solid collected and washed with hot ethanol 
(200 c.c.). Recrystallisation from 90% dioxan—water, then twice from amyl acetate gave the anil 
(2-6 g., 29%) as orange plates, m. p. 211—214° (decomp.) (Found : C, 76-1; H, 43; N, 11-2. C,,H,,0,N, 
requires C, 76-0; H, 4:5; N, 11:1%). Heating with 2: 4-dinitrophenylhydrazine in dilute sulphuric 
acid gave p-nitrocinnamaldehyde dinitrophenylhydrazone (VIII), m. p. 267—268° (decomp.), mixed 
m. p. with a sample prepared directly from the aldehyde, 271° (decomp.). This sample crystallised 
from nitrobenzene—amyl] alcohol in scarlet needles, m. p. 273° (decomp.) (Found: C, 50-6; H, 3-2; 
N, 19-7. C,,H,,0,N, requires C, 50-4; H, 3-1; N, 19-6%). 

(b) p-Nitrocinnamaldehyde (40-2 g.) in hot ethanol (525 c.c.) was added to 2-(p-aminophenyl)- 

quinoline (50 g.) in hot ethanol (525 c.c.), the solution refluxed for 34 hours, kept overnight, and the 
solid collected (78 g.). It had m. p. and mixed m. p. with the product of ‘method (a) of 210—212° 
decomp. 
\ 2’ -(p-Nitrophenyl)- -2 : 6’-diquinolyl (IX; R = NO,).—2-[4’-(p-Nitrocinnamylidene)aminophenyl]- 
quinoline (72 g.), arsenic pentoxide (21-6 g.), and 60% sulphuric acid (240 c.c.) were refluxed together 
for 12 hours, the mixture diluted with an equal volume of water, decanted from tar, cooled, and basified 
with 5N-sodium hydroxide. The brown solid was collected and extracted with hot amyl acetate 
(2000 c.c.); the diquinolyl which separated crystallised from cyclohexanone in buff needles, m. p. 266— 
268° (decomp.) (yield 4-5 g., 6%) (Found: C, 76-6; H, 4:2; N, 11-0. C,,H,,O,N, requires C, 76-4; 
H, 4:0; N, 11-1%). The yield was lower when more concentrated sulphuric acid was used, and no 
product could be isolated when the arsenic pentoxide was omitted. 

The reaction could also be carried out by heating the anil (6 g.) in concentrated hydrochloric acid 
(15 c.c.) for 5 hours at 175° in a sealed tube; the yield was 4% and was not improved by the addition 
of —_ pentoxide. 

2’-(p-A minophenyl)-2 : 6’-diquinolyl (IX; R = NH,).—2’-(p-Nitrophenyl)-2 : 6’-diquinolyl (2 g.) 
was extracted in an all-glass Soxhlet apparatus with 20% hydrochloric acid (50 c.c.) containing stannous 
chloride (4 g.). The red solid was collected and decomposed with hot 5n-sodium hydroxide; the amine 
crystallised from much 70% dioxan—water in yellow acicular plates, m. p. 234° (yield 1-16 g., 63%) 
(Found: C, 82-8; H, 5-15; N, 12-25. C,,H,,N, requires C, 83-0; H, 4-9; N, 121%). The solution 
of the amine in acetic acid was deep red, and dilute solutions in organic solvents showed a blue 
fluorescence. 

2 : 6’-Tetraquinolyl (X).—8-6-Quinolylacraldehyde (0-28 g.) was added to 2’-(p-aminopheny]l)- 
2 : 6’-diquinolyl (0-54 g.) in concentrated hydrochloric acid (4-3 c.c.) and, after the addition of further 
concentrated hydrochloric acid (4-3 c.c.), the mixture was heated in a sealed tube at 150° for 5 hours. 
Dilute hydrochloric acid (4 c.c.) was added, and the red solid collected, washed with 8n-hydrochloric 
acid, and treated with aqueous ammonia. The yellow material was digested with hot dioxan; the 
residual tetraquinolyl crystallised from quinoline in colourless leaflets (0-035 g.), m. p. 348—350° 
(evacuated capillary) (Found: C, 84:5; H, 4:3; N, 1l-l. C,,H,,N, requires C, 84-7; H, 4:3; N, 
11-0%). 

2’-[4” - (6’”’ -Quinolyl - B- acrylidene)aminophenyl] -2 : 6’-diquinolyl (XI).—8-6-Quinolylacraldehyde 
(0-13 g.) was added to 2’-(p-aminopheny])-2 : 6’-diquinolyl (0-25 g.) in dioxan (12 c.c.) and acetic acid 
(1-5 c.c.). After 2 hours’ heating, the anil separated (0-27 g.), and crystallised from pyridine in 
yellow prisms, m. p. 248—249° (decomp.) (Found: C, 84-0; H, 4:9; N, 1l-l. C,,H,,N, requires £, 
84-3; H, 4:7; N, 10-9%). 


The author thanks Mr. G. Ingram for micro-analyses and Mr. K. Blau for technical assistance. 
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407. Synthesis of Piperidine Derivatives. Part II. 
Aryldecahydroquinolines. 
By G. M. BapcGer, J. W. Cook, and THomas WALKER. 


As part of a scheme to prepare new pharmacologically active bases, 4-phenyl- and 4-p-methoxy- 
phenyl-1-ethyldecahydroquinolines have been synthesised by hydrogenation in ethanolic solution 
over copper chromite of the oximes of ethyl f-2- etequibanet B-phenyl- and -8-p-methoxy- 
phenyl-propionate. Condensation of 2-benzylidenecyclohexanone with ethyl sodiomalonate 
gave, not the expected malonic ester (III; Ar = Ph, R = Et) butalactone (V; ive = Ph) derived 
from it by loss of ethanol. Some transformations of this lactone are described. 2-p-Methoxy- 
benzylidenecyclohexanone reacted similarly with ethyl sodiomalonate. 


In recent years a number of new synthetic analgesics have been described. Two outstanding 
examples are pethidine (a piperidine derivative) and amidone (a basic derivative of diphenyl- 
methane). Thorp, Walton, and Ofner (Nature, 1947, 160, 605) have reported that (—)-amidone 
has about twice the analgesic activity of morphine (compare Scott and Chen, J. Pharm. Exp. 
Ther., 1946, 87, 63). Like morphine, both pethidine and amidone appear to produce 
drug-addiction, and a satisfactory analgesic free from this undesirable side-effect has not yet 
been found. Possibly the two effects are inseparable, but this can only be determined by 
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examining a sufficient number of new products. Other analgesics structurally related to 
pethidine have been examined pharmacologically by, for example, Jensen and Lundquist 
(Dansk Tidsskr. Farm., 1943, 17, 173) and MacDonald e¢ al. (Brit. J. Pharmacol., 1946, 1, 4). 

Among the more efficient of the newer antispasmodics are the diethylaminoethyl esters of 
diphenylacetic acid (trasentin), cyclohexylphenylacetic acid (trasentin 6H), fluorene-9-carboxylic 
acid (pavatrine), and 9 : 10-dihydroanthracene-9-carboxylic acid (see Blicke, Ann. Rev. Biochem., 
1944, 18, 549). Relatively simple piperidine derivatives are also known to have antispasmodic 
activity (Cerkovnikov and Prelog, Ber., 1941, 74, 1648; Fellows and Cunningham, Federation 
Proc., 1942, 1, 151; Lee and Freudenberg, J. Org. Chem., 1944, 9, 537; Foster, Moench, and 
Clark, J. Pharm. Exp. Ther., 1946, 87, 73; Kwartler and Lucas, J. Amer. Chem. Soc., 1947, 69, 
2582), and Dr. J. D. P. Graham has found (unpublished experiments) that some of the piperidine 
bases synthesised by Barr and Cook (J., 1945, 438) have marked antispasmodic properties : 
the hydrochloride of 3: 4-diphenyl-1-methylpiperidine, for example, has high musculotropic 
activity. It seems that all the efficient antispasmodics, although varying widely in molecular 
structure, are salts of strong tertiary bases, and this may be an important requirement for this 
type of pharmacological action. 

In Part I of this series, Barr and Cook (loc. cit.) described the synthesis of 3 : 4-diaryl-1- 
alkylpiperidines by copper chromite hydrogenation of appropriate y-cyano-esters in alcoholic 
solvents, which supplied the N-alkyl substituents. The present communication describes the 
synthesis, by a somewhat analogous method, of decahydroquinoline derivatives which are being 
examined for analgesic and antispasmodic action by Dr. J. D. P. Graham, who will publish his 
results elsewhere. . 

The oxime (I; Ar = Ph) of ethyl 8-2-ketocyclohexyl-8-phenylpropionate (Vorlander and 
Kunze, Ber., 1926, 59, 2078) was hydrogenated in ethanolic solution over copper chromite to 
give 4-phenyl-1-ethyldecahydroquinoline (II; Ar= Ph). For this structure four optically 
inactive stereoisomeric forms are possible, but the liquid base, obtained in satisfactory yield, 
gave a well-crystallised picrate and appeared to be stereochemically homogeneous. In view of 
the high temperature used for hydrogenation it probably belongs to the tvans-decahydroquino- 
line series. 4-p-Methoxyphenyl-1-ethyldecahydroquinoline (II1; Ar = p~-C,H,°OMe), similarly 
prepared from the oxime (I; Ar = p-C,H,°OMe), was a crystalline solid, and it also was formed 
free, or almost free, from stereoisomerides. By being heated with hydrobromic acid in acetic 
acid the latter base was demethylated to the hydrobromide of 4-p-hydroxypheny]-1l-ethyl- 
decahydroquinoline. 4-Phenyl-l-ethyldecahydroquinoline was completely dehydrogenated by 
being heated with palladium black, the N-ethyl group being eliminated, with formation of the 


known 4-phenylquinoline (K6nigs and Nef, Ber., 1886, 19, 2430; Koenigs and Meimberg, Ber., 
1895, 28, 1039). 
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An obvious route to the keto-acid required for the preparation of the oxime (I; Ar = Ph) 
was the condensation of 2-benzylidenecyclohexanone with ethyl sodiomalonate followed by 
hydrolysis of the product and then thermal decarboxylation. This Michael reaction was 
described by Vorlander and Kunze (loc. cit.) who allowed a suspension of ethyl sodiomalonate 
in benzene or ether to react with the unsaturated ketone at room temperature during two days. 
They obtained a liquid product which was assumed to be ethyl] 8-2-ketocyclohexylbenzylmalonate 
(II1; Ar = Ph, R = Et), as it was hydrolysed to the malonic acid and converted by concentrated 
ammonia into the corresponding diamide. By carrying out the Michael reaction in boiling 
benzene (2 hours): we obtained, not the liquid ester of Vorlander and Kunze, but a crystalline 
compound which was shown by elementary analysis and ethoxyl determination to have been 
formed from the diester (III) by loss of a molecule of ethanol. Our product was insoluble in 
cold aqueous sodium hydroxide, but was readily hydrolysed by boiling alkali to the malonic 
acid (III; Ar = Ph,R =H). Elimination of ethanol from the diester (III; Ar = Ph, R = Et) 
by means of sodium ethoxide could give the strainless bicyclononane derivative (IV) (cf. Rabe, 
Ber., 1903, 36, 225, 227; 1904, 37, 1671), but the product gave no colour with ferric chloride, 
rapidly decolourised bromine water, and reduced ammoniacal silver solution. These and other 
reactions indicate that it is an unsaturated lactone, namely, ethyl 4-phenyl-3:4:5:6:7: 8- 
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hexahydrocoumarin-3-carboxylate (V; Ar = Ph). The position of the ethylenic bond has not 
been established, but on general grounds the position shown is probable. 
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When an ethanolic solution of the carbethoxy-lactone (V; Ar = Ph) was treated with 
concentrated aqueous ammonia the lactone ring was opened with formation of «-carbethoxy-B- 
2-ketocyclohexyl-B-phenylpropionamide (VI). Similar production of an amide of a keto-acid by 
the action of ammonia on an unsaturated 8-lactone (X) was recorded by Mannich and Butz 
(Ber., 1929, 62, 456). We also obtained the monoamide (VI) by treatment of the diester (IIT; 
Ar = Ph, R = Et) with ethanolic ammonia. This result is at variance with the work of 
Vorlander and Kunze (loc. cit.) who obtained the diamide from their crude diester (III; Ar = Ph, 
R= Et). Possibly the explanation of the discrepancy is that in the concentration which we 
used the monoamide crystallised as soon as it was formed. 

By the action of concentrated sulphuric acid the carbethoxy-lactone (V; Ar = Ph) was 
converted into B-2-ketocyclohexylbenzylmalonic anhydride (VII; Ar = Ph). This well-crystallised 
anhydride was remarkably stable and could be distilled under reduced pressure without 
decomposition. It was hydrolysed by hot dilute alkali to the malonic acid (III; Ar = Ph, 
R = H), which was reconverted into the anhydride by treatment with thionyl chloride in 
benzene. Concentrated sulphuric acid did not dehydrate either the malonic acid or its diethyl 
ester. Possibly the action of sulphuric acid on the carbethoxy-lactone involves addition of 
sulphuric acid followed by elimination of ethyl hydrogen sulphate.* 

Anhydrides of simple dialkylmalonic acids were prepared by Einhorn (Amnalen, 1908, 359, 
145) who found them to be polymeric and amorphous; Staudinger and Ott (Ber., 1908, 41, 
2208) showed that they lost carbon dioxide when heated and gave ketens. The malonic 
anhydride (VII; Ar = Ph) contrasted strikingly with the anhydrides of Einhorn and Staudinger, 
not only in being crystalline and monomeric and capable of crystallisation from ethanol, but 
also in its behaviour on thermal treatment. This led to loss of carbon dioxide and formation of 
4-phenyl-3 :4:5:6:7: 8-hexahydrocoumarin (VIII; Ar= Ph). Some analogous examples have 
been described by Mannich and Butz (/oc. cit.) who found, for example, that the anhydride (IX) 
lost carbon dioxide when heated and was converted into the unsaturated lactone (X). Probably 
a determining factor in these transformations is the presence of a carbonyl group so situated as 
to permit lactone formation. 

The literature contains little reference to the action of ketonic reagents on unsaturated 

* Added, June 29th, 1948.—When this paper was read at a meeting of the Chemical Society on 
February 5th, 1948, it was suggested by Dr. A. J. Birch (see Chem. and Ind., 1948, 156; similar suggestions 

CHAr Were subsequently sent to us by Dr. S. H. Harper and Dr. C. W. Shoppee) that the 
4 compounds described as malonic anhydrides are in reality dilactones, and that structure 
CH (VII) should be replaced by the formula inset. 

We accept this suggestion, for the properties of the compounds in question are in better 
O accord with a dilactone structure than a malonic anhydride structure, although it is by no 
Oo means easy to distinguish between them experimentally. We have attempted this in a 
number of ways. The only experiment which has given decisive results was the hydrogen- 
ation of the phenyl dilactone (m. p. 169°) over Adams’s platinum catalyst in acetic acid solution. This 
led to the uptake of 2-8 mols. of hydrogen and the formation of the corresponding cyclohexyl dilactone 
(in which Ar in the inset formula becomes C,H,,). This hexahydride formed colourless needles (from 
ethanol), m. p. 137° (Found: C, 68-9; H, 7°75. C,gH,.O, requires C, 69-1; H, 7:°9%). Hydrolysis 
with sodium hydroxide solution gave a sparingly soluble sodium salt; ‘the acid regenerated from this 

could not be obtained pure, as on repeated recrystallisation it reverted to the dilactone, m. p. 137°. 

We regard this as evidence in favour of the dilactone structure given above in preference to (VII), for 
the reason that it is inconceivable that a carbonyl group (as in VII) could have resisted hydrogenation 
under conditions which led to reduction of phenyl to cyclohexyl. A corollary of this conclusion is that 
the malonic anhydrides of Mannich and Butz (loc. cit.) (e.g., IX) have similar dilactone structures. 
Analogous dilactones have been described by Qudrat-i-Khuda’ (J., 1929, 201, 713). 
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lactones, although it is well known that saturated lactones react with phenylhydrazine to give 
phenylhydrazides of the corresponding hydroxy-acids. However, Minunni, Ottaviano, and 
Spina (Gazzetta, 1929, 59, 116), in attempting to remove the arylidene group from a-arylidene- 
aminocinnamo-$-lactones with phenylhydrazine, found that the lactone ring was opened with 
formation of the phenylhydrazide of «-amino-$-hydroxycinnamic acid. The lactone ring was 
not affected by hydroxylamine. When the hexahydrocoumarin (V; Ar = Ph) was treated 
with 2 : 4-dinitrophenylhydrazine in ethanol there was obtained a heavy red oil, from which was 
isolated a small amount of the crystalline 2 : 4-dinitrophenylhydrazone of ethyl §-2-ketocyclo- 
hexylbenzylmalonate (III; Ar= Ph, R= Et). The same dinitrophenylhydrazone was 
obtained directly from this ester. Its formation from the lactonic-ester was evidently due to 
opening of the lactone ring by addition of ethanol. A similar reaction was observed by Mannich 
and Butz (loc. cit.), who found that boiling methanol converted the unsaturated lactone (X) into 
the methyl ester of the corresponding keto-acid. 

The lactonic ester (V; Ar = Ph) reacted with hydroxylamine as it did with ammonia, for the 
product was a hydroxamic acid (XI). It was insoluble in sodium carbonate solution but soluble 
in aqueous sodium hydroxide and it gave a deep red colouration with ferric chloride. Unlike 
many hydroxamic acids, our compound (XI) did not reduce Fehling’s solution (compare Yale, 
Chem. Reviews, 1943, 38, 209), but it reduced hot ammoniacal silver nitrate solution. The 
hydroxamic acid (XI) lost the elements of water above its m. p. to form a compound for which 
we suggest the structure (XII) or, more probably, (XIII). Hydroxamic acids usually undergo 
the Lossen rearrangement when heated, but it was clear that our product of thermal dehydration 
was neither a primary nor a secondary product of such a rearrangement. It still contained the 
carbon skeleton of the hydroxamic acid, for treatment with 2 : 4-dinitrophenylhydrazine gave 
a small amount of the 2: 4-dinitrophenylhydrazone of (III; Ar= Ph, R= Et). The 
dehydration product (XII or XIII) was insoluble in sodium carbonate solution but soluble in 
sodium hydroxide solution, and gave a purple colour with ferric chloride. Treatment with hot 
aqueous alkali hydrolysed the carbethoxy-group and gave an acid.which likewise gave a colour 
with ferric chloride. This acid was decarboxylated at its m. p. to an oil which did not crystallise. 


CHPh CHPh CHPh 


pe “sine pany 4 H-CO,Et 
No O-NH-OH - —N-OH O 


(XI.) (XII.) OH = (XIII) 


A parallel series of experiments to that described above was carried out using as the starting 
point 2-p-methoxybenzylidenecyclohexanone. This reacted with ethyl sodiomalonate in 
boiling benzene to give a product which was not obtained crystalline, but it evidently consisted 
essentially of the anticipated hexahydrocoumarin (V; Ar = ~-C,H,-OMe). This reacted with 
concentrated sulphuric acid to give, in excellent yield, B-2-ketocyclohexyl-p-methoxybenzyl- 
malonic anhydride (VII; Ar = ~-C,H,°OMe). The latter, on heating, lost carbon dioxide and 
gave 4-p-methoxyphenyl-3 :4:5:6: 17: 8-hexahydrocoumarin (VIII; Ar = p-C,H,-OMe). The 
same compound was obtained from the crude carbethoxy-lactone (V; Ar = p-C,H,°OMe) 
when purification was attempted by vacuum distillation. Hydrolysis of the anhydride (VII; 
Ar = ~p-C,H,°OMe) gave 8-2-ketocyclohexyl-p-methoxybenzylmalonic acid (III; Ar = p-C,H,°OMe, 
R =H), which was also formed by hydrolysis of the crude carbethoxy-lactone (V; 
Ar = p-C,H,°OMe). Decarboxylation of the malonic acid gave 8-2-ketocyclohexyl-B-p-methoxy- 
phenylpropionic acid which was esterified and the crude ester oximated to give (I; 
Ar = ~p-C,H,°OMe). The crude ester could not be purified by distillation as it decomposed to 
the lactone (VIII; Ar = ~-C,H,*OMe). 


EXPERIMENTAL. 


Ethyl 4-Phenyl-3:4:5:6: 17: 8-hexahydrocoumarin-3-carboxylate (V; Ar = Ph).—2-Benzylidene- 
cyclohexanone (Poggi and Guastalla, Gazzetta, 1931, 61, 405; cf. Vorlander and Kunze, loc. cit.) (35-7 g. 
in benzene (100 c.c.) was added all at once to a suspension of ethyl sodiomalonate [from sodium (4-33 g.) 
and ethyl malonate (30-1 g.)] in benzene (150 c.c.), and the mixture was refluxed for 2 hours. The cooled 
solution was shaken with ice-cold dilute sulphuric acid, washed with water, sodium carbonate solution, 
and then water, and dried. After removal of the benzene and a little unchanged ethyl malonate, the 
resulting oil was dissolved in warm ethanol. On cooling, ethyl 4-phenyl-3:4:5:6: 17: 8-hexahydro- 
coumarin-3-carboxylate (42 g.) separated. It formed colourless needles (from cyclohexane), m. p. 69° 
(Found: C, 72-1; H, 6-6; OEt, 15-4. C,,H,.O, requires C, 72-0; H, 6-7; OEt, 15-0%). A further 
quantity (8 g.) was obtained by distffling (b. p. 185°/1 mm.) the residue from the alcoholic mother liquor. 

B-2-Ketocyclohexylbenzylmalonic Acid (III; Ar = Ph, R = H).—The above hexahydrocoumarin 
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(22 g.) was hydrolysed by 1} hours’ refluxing with excess of 40% aqueous alcoholic potassium hydroxide. 
The crude oily malonic acid solidified on standing in the refrigerator, and, after recrystallisation from 
50% aqueous ethanol, formed colourless needles, m. p. 135° (Vorlander and Kunze, Joc. cit., give m. p. 
135—136°). 

Ethyl B-2-Ketocyclohexylbenzylmalonate (III; Ar = Ph, R= Et).—The above ketocyclohexyl- 
bennstnaienis acid (3 g.) was esterified by passing dry hydrogen chloride into its solution in absolute 
ethanol. Ethyl B-2- — fee TE ae (3 g.) was obtained as a colourless viscous oil, b. p. 172° 
(air-bath)/1 mm. (Found: C, 70-1; H, 7-4. CyoH,,0, requires C, 69-4; H, 7-5%). 

The 2: 4-dinitrophenylhydrazone, prepared in ethanol, gave orange needles (from ethanol), m. p 
135—136° (Found: C, 59-2; H, 5-7; N, 10-7. CygH yO, N, requires C, 59-3; H, 5-7; N, 10-6%). 

a-Carbethoxy-B-2 -ketocyclohexyl-B-phenylpropionamide (vi) -—(a) Concentrated ammonia was added 
to a hot solution of ethyl 4-phenyl-3 : 4: 5: 6 : 7 : 8-hexahydrocoumarin-3-carboxylate in ethanol until 
a faint turbidity appeared. Sufficient hot ethanol was then added to give a clear solution, and the 
mixture placed in the refrigerator. After 2 days, crystalline a-carbethoxy-B- 2-ketocyclohexyl-p- -phenyl- 
propionamide was obtained. It formed colourless needles (from ethanol), m. p. 183° (decomp.) (Found : 
C, 68-1; H, 7-2; N, 4-4. C,,H,,0,N requires C, 68-1; H, 7-25; N, 4-4%). 

(bd) ‘A solution of ethyl B-2- -ketocyclohexylbenzylmalonate in ethanol, treated with concentrated 
ammonia as above, gave the same monoamide, m. p. and mixed m. p. 183° (decomp.). 

B- -2-Ketocyclohexylbenzylmalonic Anhydride (VII; Ar = Ph).—Concentrated sulphuric acid (3 c.c.) 
was added to ethyl 4-phenyl-3 : 4: 5: 6: 7 : 8-hexahydrocoumarin-3-carboxylate (2 g.) inatesttube. A 
deep red solution resulted with the evolution of considerable heat. The mixture was stirred with a 
glass rod, heated on the steam-bath for 1 minute, and then immediately cooled in ice. After being 
poured into ice-cold water, the product separated as an oil which was washed with water and treated 
with a little ethanol. The resulting crystalline B-2-ketocyclohexylbenzylmalonic anhydride (1-6 g.) formed 
colourless needles (from ethanol), m. p. 169° (decomp.) (Found: C, 70-6; H, 6-0. C,,H,,O, requires 
C, 70-6; H, 5-9%). The best yields in this preparation were obtained only when small quantities, as 
above, were used, the reaction then being more easily controllable. 

This anhydride was also formed when the malonic acid (III; Ar = Ph, R = H) was heated with 
thionyl chloride in benzene, a procedure used by Mannich and Butz (loc. cit.) for the preparation of 
malonic anhydrides of analogous structure. It boiled without decomposition at 160°/0-4 mm., the 
distillate being a colourless liquid which rapidly solidified. After recrystallisation from ethanol this had 
m. p. 169°, alone or mixed with an undistilled specimen. 

By refluxing with excess of 10% aqueous sodium hydroxide until all went into solution, the anhydride 
(0-2 g.) was t erTy eT to B-2-ketocyclohexylbenzylmalonic acid (0-2 g.), m. p. and mixed m. p. 135°. 

4-Phenyl-3 :4:5:6: 17: 8-hexahydrocoumarin (VIII; Ar = Ph).—This Aa obtained by heating the 
pure anhydride w II; Ar = Ph) over a free flame until gas evolution ceased. The residual liquid was 
distilled at 160°/1 mm., a sample being redistilled for analysis. 4-Phenyl-3: 4:5: 6:7: 8-hexahydro- 
coumarin formed a colourless viscous liquid, b. p. 154°/0-3 mm. (Found: C, 78-6; H, 7-1. C,,H,,0, 
requires C, 78-8; H, 7-0%). 

This hexahydrocoumarin (0-1 g.) was hydrolysed to f-2-ketocyclohexyl-8-phenylpropionic acid 
(0-1 g.) by refluxing with 10% aqueous sodium hydroxide until all went into solution. The product 
had m. p. 125°, not depressed by an authentic specimen obtained by decarboxylation of B-2-ketocyclo- 
hexylbenzylmalonic acid by the method of Vorlander and Kunze (loc. cit.). 

Action of Dinitrophenylhydrazine on Ethyl 4-Phenyl-3:4:5:6: 7 : 8-hexahydrocoumarin-3- 
carboxylate.—A solution of the carbethoxy-lactone in ethanol was treated with excess of 2: 4-dinitro- 
phenylhydrazine solution. After several hours, the supernatant liquid was decanted and the heavy red 
oil which had separated was dissolved in ethanol. On cooling in ice a few orange-yellow crystals of the 
dinitrophenylhydrazone of ethyl B-2-ketocyclohexylbenzylmalonate separated. After recrystallisation, 
the product had m. p. 135°, not depressed by an authentic specimen (above). 

Action of Hydroxylamine on Ethyl 4-Phenyl-3:4:5:6: 7: 8-hexahydrocoumarin-3-carboxylate.—A 
solution of the hexahydrocoumarin (3-3 g.) in ethanol (15c.c.) was treated with a solution of hydroxylamine 
hydrochloride (1 g.) and anhydrous sodium acetate (2 g.) in a little water, and left overnight. Water 
(15 c.c.) was added, and the mixture cooled in the refrigerator. The solid (3 g.) was collected, dried on 
a porous plate and in a vacuum desiccator, and then recrystallised from benzene-light petroleum (b. p. 
60—80°). The hydroxamic acid (XI) formed small colourless needles, m. p. 138° (decomp.) (Found : 
C, 65-1; H, 6-7; N, 4-4. C,,H,,0,N requires C, 64:9; H, 6-9; N, 4:2%). 

This hydroxamic acid (1 g.) was heated at 145° (bath temp.) for 5 minutes. A solution of the residual 
oil, in a little ethanol, deposited colourless crystals of a substance (probably XIII) (0-75 g.) which after 
recrystallisation from ethanol formed colourless needles, m. p. 154° (Found: C, 68-7; H, 6-3; N, 4-4. 
C,,H,,0,N requires C, 68-6; H, 6-65; N,4-4%). A solution of this product in ethanol was treated with 
excess of 2 : 4-dinitrophenylhydrazinesolution. Aftera week, a few orange-yellow crystals were collected ; 
these, after several recrystallisations from ethanol, were identified as the 2 : 4-dinitrophenylhydrazone of 
ethyl £-2-ketocyclohexylbenzylmalonate, m. p. and mixed m. p. 135°. 

The substance (m. p. 154°, 1-5 g.) was warmed with excess of 40% aqueous potassium hydroxide at 
80° for 4 hour. The cooled solution, diluted with a little water, was acidified with dilute hydrochloric 
acid and extracted with ether. The oil obtained on distillation of the ether was dissolved in dry benzene, 
from which a crystalline acid (0-9 g.) separated; it formed very small needles, m. p. 146—147° (from 
benzene) (Found: C, 66-8; H, 5-8; N, 4-8. C,4H,,0,N uires C, 66-9; H, 5-9; N, 49%). This 
acid lost carbon dioxide at the m. p. to give a viscous oil which did not crystallise. 

Oxime of Ethyl B-2-Ketocyclohexyl-B-phenylpropionate (I; Ar = Ph).—A solution of hydroxylamine 
hydrochloride (3-4 g.) and anhydrous sodium acetate (7 g.) in a little water was added to a solution of 
ethyl f-2-ketocyclohexyl-8-phenylpropionate (Vorlander and Kunze, loc. cit., 7 g.) in ethanol, and the 
mixture refluxed for 5 minutes. After several hours at room temperature the solution hy. ae sited crystals 
(7 g.) of the oxime, which formed colourless needles (from ethanol), m. p. 126° (Found: C, 70- » 19; 
N, 4-9. C,,H,,0,N requires C, 70-6; H, 7-95; N, 48%). 
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4-Phenyl-1-ethyldecahydroquinoline (II; Ar = Ph).—A solution of the above oxime (13 g.) in ethanol 
(300 c.c.) was reduced with hydrogen and copper chromite (6 g.) (Org. Synth., Coll. Vol. II, p. 142) at 
200° and 165 atmospheres for 3 hours. The catalyst was filtered off, the alcohol removed on the steam- 
bath, and the residual oil dissolved in ether. The ether solution was extracted three times with dilute 
hydrochloric acid, and washed with water. The hydrochloric acid extracts and washings were neutralised 
with sodium hydroxide, and the resulting oil was extracted with ether. Distillation gave 4-phenyl-1- 
ethyldecahydroquinoline (8 g.) as a colourless liquid, b. p. 134°/1 mm. (Found: C, 84:0; H, 10-45; N, 
5-8. C,,H,,N requires C, 84-0; H, 10-3; N, 5-75%). ; 

The picrate, prepared in ethanol, formed yellow needles (from glacial acetic acid), m. p. 204—207° 
(Found: C, 58-6; H, 6-0. C,,H,,0,N, requires C, 58-4; H, 59%). The redistilled base regenerated 
from the pure picrate did not crystallise. The hydrochloride was very hygroscopic. 

Dehydrogenation of 4-Phenyl-1-ethyldecahydroquinoline.—A mixture of the base (0-55 g.) and palladium 
black (0-07 g.) was heated at 300° for 6 hours in a slow stream of dry carbon dioxide. The resulting oil 
gave a picrate (0-65 g.) which m. p. and analysis showed to be the picrate of 4-phenylquinoline. It 
formed small yellow needles (from ethanol), m. p. 226° (Found: C, 58-3; H, 2:9; N, 12-6. Calc. for 
C,,H,,N,C,H;0O,N,: C, 58-1; H, 3-2; N, 129%). For this picrate Koenigs and Meimberg (loc. cit.) 
give m. p. 224°, and Kenner and Statham (J., 1935, 301) give m. p. 225°. 

The base regenerated from the pure picrate was distilled at 135°/2 mm.; the distillate did not 
crystallise,* although K6énigs and Nef (loc. cit.) give m. p. 61—62° for 4-phenylquinoline. In order to 
complete the identification, therefore, the following salts were prepared. (a) The sulphate had m. p. 
193—195° (lit., 195—-196°); its aqueous solution fluoresced in ultra-violet light. (b) The methiodide 
formed long yellow needles (from ethanol), m. p. 222° (lit., 222°). (c) The chloroplatinate had m. p. 244° 
(Koenigs and Jaeglé, Ber., 1895, 28, 1050, give 244°). 

Ethyl 4-p-Methoxyphenyl-3 : 4: 5:6: 7: 8-hexahydrocoumarin-3-carboxylate (V; Ar = p-C,H,*-OMe).— 
2-p-Methoxybenzylidenecyclohexanone (21-6 g.) (Poggi and Guastalla, Joc. cit.) in benzene (100 c.c.) was 
added all at once to a suspension of ethyl sodiomalonate [from sodium (2-3 g.) and ethyl malonate 
(16 g.)] in benzene (100 c.c.), and the mixture refluxed for 2 hours. After working up as for 
the benzylidenecyclohexanone condensation, the product (34 g.) was obtained as a heavy viscous oil, 
which was sufficiently pure for the next stage of the synthesis. In an attempt to prepare a specimen for 
analysis, the oil (2 g.) was distilled ina vacuum. There was considerable decomposition, and the viscous 
brown distillate (b. p. 235°/7 mm.) was redistilled, giving a colourless oil (b. p. 190°/1 mm.). A solution 
of this oil in ethanol deposited crystals of 4-p-methoxyphenyl-3 :4: 5:6: 7: 8-hexahydrocoumarin (0-4 g.), 
which after recrystallisation from ethanol formed long colourless needles, m. p. 113° (Found: C, 74:1; 
H, 6:9. C,,H,,0, requires C, 74-4; H, 7-0%). 

B-2-Ketocyclohexyl-p-methoxybenzylmalonic Anhydride (VII; Ar = p-C,H,-OMe).—Concentrated 
sulphuric acid (3 c.c.) was added to the crude ethyl 4-p-methoxyphenyl-3 : 4: 5: 6: 7: 8-hexahydro- 
coumarin-3-carboxylate (2 g.). After being heated on the steam-bath for 1 minute, and then cooled in 
ice, the solution was poured into ice-water. The product, after being washed with water, was dissolved 
in ethanol (charcoal) from which colourless crystals of f-2-ketocyclohexyl-p-methoxybenzylmalonic 
anhydride (1-3 g.) separated. After recrystallisation from ethanol this formed colourless needles, m. p. 
154—155° (Found : C, 67-8; H, 6-0. C,,H,,0, requires C, 67-55; H, 5-95%). This anhydride (0-5 g.) 
was converted into 4-p-methoxyphenyl-3 : 4: 5: 6: 7: 8-hexahydrocoumarin (0-3 g.) by being heated at 
160° until evolution of gas had ceased. After recrystallisation this had m. p. and mixed m. p. 113°. 

B-2-Ketocyclohexyl-p-methoxybenzylmalonic Acid (III; Ar = p-C,H,OMe; R =H).—(a) Ethyl 
4-p-methoxyphenyl-3 : 4: 5: 6: 7: 8-hexahydrocoumarin-3-carboxylate (24 g.) was hydrolysed by 
14 hours’ boiling with 40% aqueous-alcoholic potassium hydroxide. B-2-Ketocyclohexyl-p-methoxy- 
benzylmalonic acid (15 g.) formed fine colourless needles (from acetic acid), m. p. 130°. Analysis of the 
specimen dried in a vacuum desiccator showed the presence of one molecule of acetic acid of crystallisation 
(Found: C, 60-0; H, 6-7. C,,H.» O,,C,H,O, requires C, 60-0; H, 6-3%). 

(b) Ketocyclohexylmethoxybenzylmalonic anhydride (0-2 g.) was hydrolysed to the same ketocyclo- 
hexylmethoxybenzylmalonic acid (m. p. and mixed m. p. 130°) by refluxing with excess of 10% aqueous 
sodium hydroxide. 

B-2-Ketocyclohexyl-B-p-methoxyphenylpropionic Acid.—(a) B-2-Ketocyclohexyl-p-methoxybenzyl- 
malonic acid (35 g.) was heated at 150° (bath temp.) until evolution of carbon dioxide ceased. The oil 
obtained was dissolved in ethyl acetate, from which crystalline B-2-ketocyclohexyl-B-p-methoxyphenyl- 
propionic acid (25 g.) was obtained. It formed small colourless needles (from ethyl acetate), 
m. p. 125—126° (Found : C, 69-7; H, 7-2. C,H. O, requires C, 69-6; H, 7:2%). 

(b) The same acid was obtained by refluxing 4-p-methoxyphenyl-3 : 4: 5: 6: 7: 8-hexahydrocoumarin 
with excess of 10% aqueous sodium hydroxide. 

Ethyl B-2-Ketocyclohexyl-B-p-methoxyphenylpropionate.—Concentrated sulphuric acid (12 g.) was 
added to a solution‘of the above propionic acid (30 g.), in absolute ethanol (150 c.c.), and the mixture 
refluxed for 24 hours. The product (27 g.) was obtained as a viscous oil suitable for the next stage of 
the synthesis. In an attempt to obtain a specimen for analysis, the crude ester (0-5 g.) was distilled. A 
colourless oil, b. p. 195°/1 mm., was obtained which solidified on treatment with ethanol. After recrystal- 
lisation from ethanol it was identified as 4-p-methoxyphenyl-3 : 4: 5:6: 7: 8-hexahydrocoumarin, 
m. p. and mixed m. p. 113°. 

Oxime of Ethyl B-2-Ketocyclohexyl-B-p-methoxyphenylpropionate (I; Ar = C,H,-OMe).—Hydroxyl- 
amine hydrochloride (9 g.) and anhydrous sodium acetate (18 g.) in a little water were added to a solution 
of the above crude ester (23 g.) in ethanol, and the mixture refluxed for 5 minutes. After several hours, 
the oxime (22 g.) wascollected. It formed colourless needles (from ethanol), m. p. 146° (Found : C, 67-7; 
H, 7:8; N, 4-5. C,,H,,0,N requires C, 67-6; H, 7-8; N, 4-4%). 

4-p-Methoxyphenyl-1-ethyldecahydroquinoline.—The above oxime (10 g.) in ethanol (300 c.c.) was 


* Added, June 29th, 1948.—After several months this base crystallised spontaneously. It was 
recrystallised from light petroleum and then formed colourless needles, m. p. 61°. 
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reduced with hydrogen in the presence of copper chromite (5 g.) at 200° and 165 atmospheres for 3 hours. 
The acid-soluble fraction was distilled, giving 4-p-methoxyphenyl-1-ethyldecahydroquinoline (7 g.) as a 
colourless viscous oil, b. p. 175°/0-3 mm., which solidified on standing. It formed small colourless 
needles (from ethyl acetate), m. p. 89° (Found: C, 79-0; H, 9-8; N, 5-2. C,sH,,ON requires C, 79-1; 
H, 9-9; N, 5-1%). ‘ 

The be daa: in ethanol and recrystallised from glacial acetic acid, formed stout yellow 
needles, m. p. 182—184° (Found : C, 57-4; H, 6-0. C,,H,,ON,C,H,O,N; requires C, 57-3; H, 60%). | 

The hydrochloride, prepared by passing dry hydrogen chloride through a solution of the base in 
ether, formed colourless needles from ethanol-ether, m. p. 248—250° (Found: C, 69-9; H, 8-8. 
C,,;H,,ONCI requires C, 70-0; H, 9-0%). ; ; 

4-p-Hydroxyphenyl-1-ethyldecahydroquinoline Hydrobromide—Hydrobromic acid (3 c.c.; 48%) was 
added to a solution of the methoxy-base (1-3 g.) in glacial acetic acid (1-75 c.c.), and the mixture refluxed 
for 9 hours. On cooling in ice, 4-p-hydroxyphenyl-1-ethyldecahydroquinoline hydrobromide (1-27 g.) was 
obtained. It crystallised from glacial acetic acid in small colourless needles, m. p. 227—-228° (Found : 
C, 59-95; H, 7-5; N, 4:3. C,,H,,ONBr requires C, 60-0; H, 7-6; N,4:1%). The free base, which was 
soluble in alkali, gave no colour with ferric chloride. 
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408. Reactions of Polynitro-aromatic Compounds with Alkaline Sulphides. 
Part I. Aryl Monosulphide Formation by Interaction of Sodium 
Thioaryloxides with Polynitro-aromatic Compounds containing Labile 
Nitro-groups. | 


By HERBERT H. HopGson and Epwarp R. Warp. 


From a study of twenty-three reactions between nitro-thioaryloxides and polynitro- 
derivatives of benzene, toluene, and naphthalene, it is concluded that aromatic monosulphides 
are formed via the process : 

R(NO,),-,°SNa + R(NO,), = [R(NO,)21],5 + NaNO, : 
Only polynitro-compounds with labile nitro-groups react, and, in a few cases involving 
p-dinitro-compounds, the reaction is more complex; e.g. a 40% yield of pp’-dinitroazobenzene 
has been obtained from the interaction of p-dinitrobenzene with sodium p-nitrothiophenoxide, 
in addition to what is apparently a mixture of monosulphides. 

It is tentatively suggested that two distinct reactions are involved in the interactions 
of polynitro-aromatic compounds with alkaline sulphides, viz., (1) whole or partial reduction 
of a nitro-group (or groups), and (2) replacement of a nitro-group (or groups) by a sulphur- 
containing radical, e.g. -SNa with sodium sulphides. Aromatic monosulphides then arise 
by the further reaction cited above. The relative extent of each reaction appears to be largely 
determined by the positivity of the carbon atom to which the reactive nitro-group is attached. 


THE great variety of products which arise during the reduction of nitro-aromatic compounds 
by alkaline sulphides includes those formed by whole or part reduction of the nitro-group(s), 
and those formed by replacement of the nitro-group(s) by the anionoid sulphide reagent such 
as thiols and mono- and di-sulphides; ¢.g., o-dinitrobenzene can give o-nitroaniline, o-nitro- 
thiophenol, and 2 : 2’-dinitrodiphenyl mono- and di-sulphides [the production of polysulphides 
(Blanksma, Rec. Trav. chim., 1901, 20, 144) is regarded by the present authors as doubtful]. 
2:3: 5-Trinitro-1 : 4-dimethylbenzene gives 5-nitro-3-amino-1 : 4-dimethylbenzene-2-sulphonic 
acid with either sodium sulphide or sodium hydrogen sulphide in ethanol (Blanksma, ibid., 
1905, 24, 49). 

Reduction of nitro-groups and also their replacement by anionoid reagents are facilitated 
by the presence of kationoid substituents, particularly when in op-positions (Cohen and 
McCandlish, J., 1905, 87, 1257; Loudon and Shulman, J., 1941, 722). Hence the positivity of 
the carbon atom to which the reacting nitro-group is attached is a determining factor of the 
reactivity, viz., with increase of positivity replacement by —-SNa (or other sulphur-containing 
radicals as in disulphide formation) progressively competes with reduction until it becomes 
exclusive. 

Accumulating experimental evidence (Hodgson and Ward, unpublished work) indicates 
that monosulphides arise generally via a two-stage mechanism, viz., (1) formation of thioaryl 
oxide and (2) its reaction with unchanged nitro-compound. Since previous work on such 
reactions between thioaryloxides and nitro-compounds has been almost confined to the anthra- 
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quinone series (D.R-PP. 116,951, 224,589, 254,561; cf. also Decker and Wiirsch, Annalen, 
1906, 348, 239; Gattermann, Annalen, 1912, 393, 113) with a few isolated examples in the 
benzene series, it was thought desirable to investigate reactions of this type with a variety of 
benzene and naphthalene compounds. 

In the present paper, the second stage of this mechanism has been demonstrated for reactions 
between o- and -dinitrobenzene, 3: 4-dinitrotoluene, 3:4: 5-trinitrotoluene, 1:2- and 
1 : 4-dinitronaphthalenes, and 1:4: 5-trinitronaphthalene with sodium o- and p-nitro-, 
2: 4-dinitro-, and 2-nitro-4-methyl-thiophenoxide and 2- and 4-nitro- and 2: 4-dinitro-1- 
thionaphthoxide. The reaction occurs only with compounds which possess labile nitro-groups. 

Whereas no precise quantitative measurements were made, it appeared that sodium 2-nitro- 
4-methylthiophenoxide was the most reactive reagent, and that sodium -nitro- was more 
reactive than sodium o-nitro-thiophenoxide, though both were more reactive than the corre- 
sponding 2: 4-dinitro-compound. Similarly sodium 2- and 4-nitro-1-thionaphthoxides were 
more reactive than 2: 4-dinitro-1-thionaphthoxide, which appears to be the least reactive of 
all the reagents tried. The above data are in accord with the work of Evans and Smiles (J., 
1935, 181), who pointed out that the negative character of the thiol group was weakened by 
nitro-groups in op-positions. Sodium o-aminothiophenoxide gave unsatisfactory results in 
preliminary trials and was not further investigated. The following did not react : nitrobenzene 
and 1 : 8-dinitronaphthalene with sodium p-nitrothiophenoxide, m-dinitrobenzene and 1: 3: 5- 
trinitrobenzene with sodium 4-nitro-1-thionaphthoxide, and 1-nitronaphthalene, 1 : 5-dinitro- 
naphthalene, and 2: 6-dinitronaphthalene with sodium o-nitrothiophenoxide. Whilst the 
reaction between sodium 4-nitro-1-thionaphthoxide and -dinitrobenzene afforded the expected 
4-nitrophenyl 4-nitro-l-naphthyl sulphide, the corresponding reaction between sodium p-nitro- 
thiophenoxide and 1 : 4-dinitronaphthalene gave a pure dinitrophenyl naphthyl sulphide wh’ch 
has not yet been identified but differs from the above, and also from 4-nitropheny]l 1-nitro-2- 
naphthyl sulphide which was a possible reaction product (Hodgson and Leigh, J., 1938, 
1031). 

The following reactions involving p-dinitrobenzene were complex viz., with sodium o-nitro- 
and p-nitro-thiophenoxides, and with 2-nitro-1-thionaphthoxide. The product obtained with 
sodium o-nitrothiophenoxide appears to be a mixture of difficultly separable monosulphides, 
possibly 2 : 4’-dinitro- and 2 : 2’-dinitro-diphenyl sulphides; the latter would be an anomalous 
result (cf. Hodgson and Leigh, Joc. cit.). Sodium p-nitrothiophenoxide gave a similar mixed 
product but in addition ca. 40% of pp’-dinitroazobenzene was obtained, which must have been 
due to the reduction of p-dinitrobenzene by the thiophenoxide although no oxidation products 
of the latter were isolated (cf. Gattermann, Joc. cit., who reported that thio-alkyl and -benzyl- 
oxides in reaction with nitro-derivatives of anthraquinone were oxidised to disulphides with 
reduction of the nitro- to the amino-group; cf. also Richardson, J., 1926, 522; Loudon and 
Holmes, J., 1940, 1521; Simons and Ratner, J., 1944, 421). From sodium 2-nitro-1-thio- 
naphthoxide only a very small amount of a complex dark-coloured product could be isolated. 

It would appear that dinitro- and trinitro-aromatic compounds are much more reactive 
towards sodium thioaryloxides than the corresponding chloronitro- or chlorodinitro-compounds. 
The reactions involving 3 : 4 : 5-trinitrotoluene and 1 : 4 : 5-trinitronaphthalene were completed 
almost as soon as the reactants were mixed, while 1 : 2- and 1 : 4-dinitronaphthalenes appear 
to be more reactive than o- and p-dinitrobenzenes; 3: 4-dinitrotoluene is the least reactive 
as would be expected from the neutralising effect of the electron-repelling methyl] on the electron- 
attracting nitro-group, which then has a diminished effect on the neighbouring 3-nitro-group. 
o-Dinitrobenzene is less reactive than p-dinitrobenzene, and in this respect resembles the lower 
reactivity of o-chloronitro- compared with p-chloronitro-benzene (cf. Hodgson and Wilson, /., 
1925, 127, 440). ° 

3: 4: 5-Trinitrotoluene by reaction with a large excess of sodium #-nitrothiophenoxide 
gave the same product and yield as when equimolecular quantities were used, so that the other 
nitro-groups were rendered inactive by the replacement of the 3-nitro-group on monosulphide 
formation. 

The monosulphides arising from the interaction of thioaryloxides and nitro-aromatic com- 
pounds were identified where possible with authentic specimens of known compounds, or with 
specimens prepared by interaction of the thioaryloxide with the corresponding chloronitro- 
aromatic compounds. The following new monosulphides were prepared in this way: 2: 4- 
dinitrophenyl 4-nitvo-l-naphthyl (from sodium 4-nitro-l-thionaphthoxide and 1-chloro-2: 4- 
dinitrobenzene); 2- and 4-mnitrophenyl 2: 4-dinitro-l-naphthyl and 2:4: 4’-trinitro-1: 1’- 
dinaphthyl (from sodium o- and p-nitrothiophenoxide and 4-nitro-1-thionaphthoxide with 
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1-chloro-2 : 4-dinitronaphthalene); 2: 6 : 2’-tvinitro-4-methyldiphenyl (from sodium p-nitro- 
thiophenoxide and 4-chloro-3: 5-dinitrotoluene) and 4-nitrophenyl 4 : 5-dinitro-1-naphthyl 
sulphide (from sodium p-nitrophenoxide and 1-bromo-é4 : 5-dinitronaphthalene). 

The product from sodium o-nitrothiophenoxide and 3 : 4-dinitrotoluene was not identical 
with 2 : 2’-dinitro-4-methyldipheny] sulphide (from sodium 2-nitro-4-methylthiophenoxide and 
o-dinitrobenzene) and hence must be 2: 6’-dinitro-3’-methyldiphenyl sulphide. Similarly that 
from sodium 2-nitro-4-methylthiophenoxide and 3: 4-dinitrotoluene must be 2: 6’-dinitvo- 
4: 3’-dimethyldiphenyl sulphide, the 3-nitro-group being labile as above. The product from 
sodium p-nitrothiophenoxide and 3: 4: 5-trinitrotoluene was not identical with that obtained 
from 4-chloro-3 : 5-dinitrotoluene and the same thioaryloxide, and hence must be 2: 3: 4’- 
trinitro-5-methyldiphenyl sulphide. The product from sodium #-nitrothiophenoxide and 
1:4: 5-trinitronaphthalene was not identical with 4-nitrophenyl 4: 5-dinitro-l-naphthyl 
sulphide (from sodium p-nitrothiophenoxide and 1-bromo-4 : 5-dinitronaphthalene) and hence 
must be 4-nitropheny] 4 : 8-dinitro-1-naphthyl sulphide. 

The work of Zincke and Rése (Annalen, 1914, 406, 108) on the interaction of sodium disulphide 
with 4-chloro-3-nitrotoluene has been repeated and confirmed; similarly that of Talen (Rec. 
Trav. chim., 1928, 47, 782) on the interaction of sodium mono- and di-sulphides with 1-chloro- 
2: 4-dinitronaphthalene. Sodium 2-nitro-4-methylthiophenoxide and 2: 4-dinitro-1-thio- 
naphthoxide have been prepared by reduction of the corresponding disulphides. 

1-Chloro-2 : 4-dinitronaphthalene can be satisfactorily prepared directly from 2 : 4-dinitro- 
toluene-p-sulphon-1-naphthalide, utilising the combined hydrolysis-diazotisation procedure of 


Hodgson and Birtwell (J., 1943, 433), and carrying out the Sandmeyer reaction with the solution 
obtained in this manner. 


EXPERIMENTAL. 


(M. p.s are uncorrected. Microanalyses are by Drs. Weiler and Strauss, Oxford.) 


Preparation of Initial Materials—1-Chloro-2 : 4-dinitronaphthalene. This was prepared directly 
in 65% yield from 2 : 4-dinitrotoluene-p-sulphon-l-naphthalide by combined hydrolysis, diazotisation, 
and Sandmeyer reaction (cf. Hodgson and Walker, J., 1933, 1620; Hodgson and Birtwell, loc. cit.) 

Sodium thioaryloxides. The corresponding aryl disulphide was reduced either in aqueous alcohol 
with sodium monosulphide-sodium hydroxide, or in ethanol with glucose-sodium hydroxide; after 
reduction the solution was diluted and the thiol precipitated with hydrochloric acid, filtered off, washed 
with water, and redissolved in hot ethanol containing ca. 1-5 equivs. of sodium hydroxide. 

2 : 2’-Dinitro-4 : 4’-dimethyl-1 : 1’-diphenyl disulphide. A solution of 4-chloro-3-nitrotoluene (5 g.) 
in ethanol (20 c.c.) was refluxed for 90 minutes with one of crystallised sodium sulphide (3-5 g.) and 
sulphur (0-45 g.) in ethanol (10 c.c.) and water (5 c.c.); the initial intense red colour had then almost 
disappeared ; the mixture was then cooled and the yellow crystalline disulphide (1-8 g.) removed, washed 
with cold ethanol and water, and dried; m. p. 176°, which was unchanged after one crystallisation from 
glacial acetic acid (Zincke and Rése, Annalen, 1914, 406, 108, give m. p. 176°). 

2-Nitro-4-methylphenylthiol. A suspension of the above disulphide (1 g.) in boiling ethanol (20 c.c.) 
and water (5 c.c.) containing glucose (0-55 g.) and sodium hydroxide (0-4 g.) was refluxed for 10 minutes; 
the mixture was then diluted with water (5 vols.) and the thiol precipitated by addition of hydrochloric 
acid and then removed, washed with water, and redissolved in ethanol (25 c.c.) and water (5 c.c.) con- 
taining sodium hydroxide (0-2 g.). 

2:4: 2’: 4’-Tetranitro-1 : 1’-dinaphthyl mono- and di-sulphides. (a) A solution of 1-chloro-2: 4- 
dinitronaphthalene (2 g.) in acetone (80 c.c.) was treated gradually with a hot solution of sodium sulphide 
(1 g.) in ethanol (10 c.c.) and water (2 c.c.); the initial red colour, which tended to disappear in a few 
seconds, became permanent when all the sulphide had been added, and the pure 2: 4: 2’ : 4’-tetranitro- 
1 : 1’-dinaphthyl sulphide (1-4 g.; 75% yield) separated. This, when crystallised from glacial acetic 
acid, had m. p. 283—284° (Talen, Joc. cit., gives m. p. 283°). The filtrate on oxidation with potassium 
ferricyanide afforded 2 : 4: 2’ : 4’-tetranitro-1 : 1’-dinaphthyl disulphide (0-35 g.; ca. 20% yield). 

(b) When the chlorodinitronaphthalene [see (a) above] (2 g.) was treated with a hot solution of sodium 
sulphide (0-95 g.) and sulphur (0-15 g.) (corresponding to 0-5 mol. sodium disulphide) in ethanol (10 c.c.) 
and water (4 c.c.), a precipitate of monosulphide (1-6 g.; m. p. 275—280°) resulted; the disulphide 
(0-35 g.) was obtained by oxidation of the filtrate as under (a). 

(c) When 1 mol. of sodium sulphide was used, the reaction product remained in solution, and on 
oxidation with potassium ferricyanide, afforded the disulphide (1-95 g.; ca. 100% yield), which when 
recrystallised from glacial acetic acid had m. p. 216—220° (decomp.) [Talen, Joc. cit., gives 230° (decomp.)]. 

Preparation of Aryl Monosulphides by the Reaction of Sodium Thioaryloxides with Halogenonitro- 
aromatic Compounds.—General procedure. A solution of the halogeno-compound (ca. 30—50% excess) 
‘in hot ethanol was treated with a hot solution of the Shloeryloxide in aqueous ethanol; in some cases 
reaction was immediate and the monosulphide separated from the hot solution, but otherwise the 
separation only occurred after refluxing the mixture, and an indication of the completion of the reaction 
was then given by the depth of colour of the solution. The monosulphide was removed, washed with 
water and ethanol, dried, and ised from a suitable solvent (usually aqueous or glacial acetic acid). 

2 : 4’-Dinitrodiphenyl sulphide. p-Chloronitrobenzene (2-5 g.) in ethanol (20 c.c.) and sodium o-nitro- 
thiophenoxide (ca. 2-3 g.) were heated together under reflux for 4 hours (yield 1-8 g.). When crystallised 
from glacial acetic acid the sulphide had m. p. 162°, and mixed melt with the product from the interaction 
of o-dinitrobenzene with sodium /-nitrothiophenoxide, 163—164° (Evans and Smiles, J., 1935, 185, 
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give m. p. 158—159°) (Found: S, 11-72. Calc. for C,,H,O,N,S: S, 11-6%). In contrast, the reaction 
between o-chloronitrobenzene and sodium #-nitrothiophenoxide was much slower than the above; 
45% of unchanged o-chloronitrobenzene was recovered by steam distillation after 6 hours’ heating under 
reflux, and the reaction product itself was difficult to purify (Found: S, 10-95%). 

2:4: 4'-Trinitrodiphenyl sulphide. This compound was prepared from 1-chloro-2 : 4-dinitrobenzene 
(5 g.), ethanol (50 c.c.), and sodium p-nitrothiophenoxide (2-5 g.). The reaction was immediate, and the 
yield of monosulphide almost quantitative; it separated from 80% aqueous acetic acid in lemon-yellow 
plates, m. p. 164° and mixed m. p. 165° with the same product from the reaction of p-dinitrobenzene 
with sodium 2 : 4-dinitrothiophenoxide (Blanksma, Rec. Trav. chim., 1901, 20, 405, gives m. p. 155°) 
(Found: S, 10-1. Calc. for Cj,H,O,N;S: S, 10-0%). 

2:4:2’-Trinitrodiphenyl sulphide. When this compound was prepared from sodium o-nitrothio- 
phenoxide, 2 hours’ heating under the reflux was required for the completion of the reaction. The yield 
was almost quantitative. The sulphide was crystallised from 80% aqueous acetic acid from which it 
separated in lemon-yellow plates, m. p. 116° which could not be raised by further crystallisation 
(Blanksma, loc. cit., gives m. p. 131°) (Found: S, 9-62. Calc. for C,,H,O,N,S: S, 10-0%). 

2: 4-Dinitrophenyl 4-nitro-l-naphthyl sulphide. This separated at once when 1-chloro-2 : 4-dinitro- 
benzene reacted with sodium 4-nitro-l1-thionaphthoxide. The sulphide crystallised from 80% aqueous 
acetic acid in cream micro-needles, m. p. 193° (Found: S, 8-31. C,,H,O,N,S requires S, 8-63%). 

4-Nitrophenyl 2 : 4-dinitro-l-naphthyl sulphide. The sulphide (2-5 g.) separated immediately when 
1-chloro-2 : 4-dinitronaphthalene (2-5 g.) reacted with sodium p-nitrothiophenoxide (1-5 g.); it crystal- 
lised from hot 80% aqueous acetic acid in sand-coloured rhombs, m. p. 197—198° (Found: S, 8-16. 
C,,H,O,N;S requires S, 8-63%). 

2-Nitrophenyl 2: 4-dinitro-l-naphthyl sulphide. This was prepared as above from the o-nitro- 
compound. After 10 minutes’ heating under reflux separation was complete. The sulphide (2-5 g.) 
crystallised from 80% aqueous acetic acid in ochre hexagonal plates, m. p. 225—-226° (Found: S, 8-67. 
C,,H,O,N,S requires S, 8-63%). 

2:4: 4’-Trinitro-1 : 1’-dinaphthyl sulphide. 4-Nitro-1-thionaphthoxide similarly gave the dinaphthyl 
sulphide which crystallised from glacial acetic acid in cream micro-needles, m. p. 216° (Found: S, 7-9. 
C,5H,,0,N;S requires S, 7-63%). 

Reactions with 4-chloro-3-nitrotoluene. The yields of monosulphide were negligible when 4-chloro-3- 
nitrotoluene reacted with sodium 2-nitro- and 2-nitro-4-methyl-thiophenoxide and 4-nitro-1-thio- 
naphthoxide, even if reaction was allowed to proceed for 8 hours under reflux and although the thio- 
aryloxide had disappeared. 

2:6: 2’-Trinitro-4-methyldiphenyl sulphide. When a mixture of 4-chloro-3 : 5-dinitrotoluene (2 g.) 
in ethanol (30 c.c.) was refluxed for 5} hours with sodium p-nitrothiophenoxide (1-75 g.) the diphenyl 
sulphide was formed; it separated (1-5 g.) from 80% aqueous acetic acid in lemon-yellow needles, m. p. 
100° (Found: S, 9-52. C,,;H,O,N,S requires S, 9-52%), which were readily soluble in cold acetic acid. 

4-Nitrophenyl 4: 5-dinitro-l-naphthyl sulphide. This was prepared by refluxing 1-bromo-4: 5- 
naphthalene (0-75 g.) in acetone (60 c.c.) with sodium p-nitrothiophenoxide (0-5 g.) for 10 minutes; it 
separated from the hot solution in almost quantitative yield and crystallised from glacial acetic acid 
in lemon-yellow crystals of the sulphide, m. p. 221° (Found: S, 8-59. C,,H,O,N;S requires S, 8-6%). 

Preparation of Aryl Monosulphides by the Reaction of Sodium Thioaryloxides with Dinitro-aromatic 
Compounds.—General procedure. A hot solution of the dinitro-aromatic compound (0-0075 mol.) in 
the minimum amount of ethanol was treated with a hot solution of the thioaryloxide (0-005 mol.) in 
80—90% aqueous ethanol containing ca. 1-5 equivs. of sodium hydroxide. In several cases reaction was 
completed almost at once, but, generally, heating under reflux was necessary until the red colour due to 
the sodium thioaryloxide had disappeared. The monosulphide usually separated from the hot solution. 
After removal, it was washed with cold alcohol and water, and dried before recrystallisation. Some of 
the reaction products were dark owing to the presence of impurities. These dark products were often 
accompanied by some sulphur. A few of the nitro-compounds were relatively insoluble in hot alcohol 
(e.g. 1: 4: 5-trinitronaphthalene, 2 : 6-dinitronaphthalene), and a suspension in this medium was used. 

Some Abnormal Reactions involving p-Dinitro-aromatic Compounds.—(a) Sodium o-nitrothiophenoxide 
(1-75 g.) and p-dinitrobenzene (2 g.) were treated as above and, after refluxing for 30 minutes, the cooled 
mixture was filtered. The yellow crystalline product (1 g.; ca. 40% yield calculated as monosulphide) 
was treated with steam to remove any unchanged p-dinitrobenzene; the crude product had m. p. 
138—140° which was raised to 142—-145° by repeated crystallisation from glacial acetic acid (Found : 
N, 11-7; S, 11-0. Calc. for C;,H,O,N,S: N, 10-0; S, 11-6%). 

(b) Sodium p-nitrothiophenoxide (4-0 g.) and p-dinitrobenzene (4-0 g.) were treated as above, and 
the reddish-orange product (3-1 g.) dissolved in the minimum amount of boiling glacial acetic acid, from 
which pp’-dinitroazobenzene (1-3 g.) separated on cooling and was filtered off; m. p. 223° (Found: 
N, 20-4. Calc. forC,,H,O,N,: N, 20-6%). From the filtrate, on concentration, an orange-yellow product 
(1-1 g.) separated, m. p. 147—148° after extraction with a little boiling glacial acetic acid (Found: S, 
10-5. Calc. for C},H,O,N,S: S, 11-5%). The m. p. was not raised by treatment with a hot aqueous 
alcoholic solution of sodium hydroxide and glucose, although some thioaryloxide was produced as 
indicated by oxidation of the intense blue liquor with hot potassium ferricyanide solution. The original 
filtrate, after removal of the reaction product, contained some unchanged starting materials. -Dinitro- 
benzene was removed by steam distillation; a substance of low m. p. remained which was soluble in hot 
ethanol but not in alkali hydroxides. The steam distillate, after removal of p-dinitrobenzene, gave no 
precipitate on addition of barium chloride, indicating the absence of sodium p-nitrobenzenesulphonate. 

(c) Sodium 2-nitro-1-thionaphthoxide (1-0 g.) and p-dinitrobenzene (1-0 g.), after refluxing for 30 
minutes as above, afforded only a black product (0-2 g.) which on crystallisation from glacial acetic acid 
had m. p. 223—227°; the solution in acetic acid was purple and changed through the colour sequence 
blue-green, green, and lilac on dilution with water, these colours being reversed on addition of increasing 
amounts of glacial acetic acid to the lilac solution. 

(ad) Sodium p-nitrothiophenoxide (1-25 g.) and 1 ; 4-dinitronaphthalene (1-5 g.), after refluxing for 30 
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minutes as above, afforded a crystalline product (1-75 g.; 76% yield calculated as monosulphide) which 
was removed from the hot solution and separated from hot glacial acetic acid in lemon-yellow crystals, 
m. p. 152—153° (Found: S, 9-91. Calc. for C;,H,,O,N,S: S, 9-8%). 


The authors thank Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of chemicals, the 
Department of Scientific and Industrial Research for a Senior Research Award to one of them (E. R. W.), 
and Mr. G. Walker for the preparation of several initial materials. 
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409. The Nitration of 4-Aminoquinoline. 


By J. C. E. Smmpson and P. H. Wricxt. 


The nitration of 4-aminoquinoline is stated (Tschitschibabin et al., Ber., 1925, 58, 803) to yield 
(III) by isomerisation of the nitroamine (II). Re-examination of the reaction has now shown 
that (III) undergoes further nitration to (IV); the dinitroaminoquinoline (V) formed by 
isomerisation of (IV) is probably 3 : 6-dinitro-4-aminoquinoline. 


THE nitration of 4-aminoquinoline, first studied by Claus and Frobenius (J. pr. Chem., 1897, 
56, 202), was later examined by Tschitschibabin, Witkowsky, and Lapschin (Ber., 1925, 58, 803), 
who stated that the course of the reaction is represented by the stages (I) —— (II) ——> (III). 


NH, NH-NO, NH, NH-NO, NH 
\ 


CO CO "OO "OO "OG 
WAN N An? Ax? W\n4 
(I.) (II.) (III.) (IV.) (V.) 


As the reaction seemed to offer a ready means of preparing (III), we repeated the work of 
Tschitschibabin et al. (loc. cit.), but were unable to isolate (III) by any simple procedure. 
Furthermore, although the Russian authors claimed to have established the orientation of (III), 
for which they record m. p. 272°, by oxidation to 5-nitroanthranilic acid, we found (this vol., 
p. 1707) that 6-nitro-4-aminoquinoline, prepared from 4-chloro-6-nitroquinoline, has m. p. 312°. 

We have therefore examined the reaction in some detail. A complex mixture seems to be 
formed, and, although a complete separation of the products was not possible, we were able to 
isolate (III) after prolonged fractionation, and have also established that the sequence 
(III) —~> (IV) ——> (V) occurs during the reaction. This conclusion was reached in the 
following way. 

The crude nitration product, free from any unisomerised nitroamine (II or IV), could not be 
resolved by crystallisation, and was therefore acetylated. It was thus separated into a crystalline 
amphoteric product, m. p. 282—283°, which gave analytical figures in agreement with the 
formula C,H,O,N,, and a non-crystalline mixture of acetamido-compounds. The molecular 
formula of the substance, m. p. 282—283°, is that of a dinitroaminoquinoline, and confirmation 
of this was obtained by nitrating 6-nitro-4-aminoquinoline. When the reaction was carried 
out under conditions similar to those used for 4-aminoquinoline, the acidic 6-nitro-4-nitroamino- 
quinoline (IV) was isolated in high yield, and this compound was readily isomerised in acid 
solution to a 6 : x-dinitro-4-aminoquinoline (V), identical with the compound, m. p. 282—283°. 
We have not obtained formal proof of the orientation of this amine, but the contrast between 
its properties (amphoteric character, resistance to acetylation) and those shown by other 
nitroaminoquinolines, and the fact that 4: 6-diamino- and 4-amino-6-acetamido-quinaldine 
are nitrated in the 3-position (G.P. 613,065), suggest that it is 3 : 6-dinitro-4-aminoquinoline. 

When (V) was treated with 5n-hydrochloric acid under reflux, it was partly hydrolysed to an 
acidic compound, m. p. 354° (decomp.), of formula C,H,0,N;, which—if its precursor has been 
correctly designated—is therefore 3 : 6-dinitro-4-hydroxyquinoline. This compound was also 
produced, together with a mixture of bases, by acid hydrolysis of the non-crystalline acetamido- 
compounds (see above). The mixed bases could not be separated by crystallisation, but 
fractional extraction with dilute acetic acid, followed by conversion into the hydrochlorides, 
yielded 6-nitro-4-aminoquinoline (III), identical with the compound prepared from 
4-chloro-6-nitroquinoline (Simpson and Wright, Joc. cit.). 


EXPERIMENTAL. 
(Melting points are uncorrected.) 


Nitration of 4-A minoquinoline.—Nitric acid (5-6 c.c., d 1-40) was added during 35 minutes to a stirred 
solution of 4-aminoquinoline (10 g.) in concentrated sulphuric acid (55 c.c.) at —7° to + 2°. The clear 
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solution was kept at 8° until no acid-insoluble material was obtained on dilution of a sample (1 hour) ; 
it was then poured on ice (250 g.), and the mixture basified with 20% aqueous sodium hydroxide. The 
solid (A) was collected, washed, and dried in a desiccator (12-1 g.); it had m. p. 250—270° (decomp.), 
and on repeated crystallisation gave, in poor yield, pale yellow needles, m. p. 278—281° alone and when 
mixed with the dinitroaminoquinoline (see below). 

3(?) : 6-Dinitro-4-aminoquinoline.—The solid (A) (20 g.) was refluxed for } hour with acetic anhydride 
(60 c.c.), and the solution was left in an evacuated desiccator over sodium hydroxide for 24 hours. The 
solid (B) which had separated was collected (12 g.), and solvent removed from the filtrate, giving a dark 
brown resin (C). Continued recrystallisation of (B) from ethyl acetate and finally from aqueous acetone 
gave, with heavy losses, 3(?) : 6-dinitro-4-aminoquinoline as pale yellow needles, m. p. 282—283° (Found : 
C, 46-5; H, 2:7; N, 24:0. C,H,O,N, requires C, 46-15; H, 2-6; N, 23-9%), virtually insoluble in 
water and in cold dilute ammonium hydroxide, but appreciably soluble in hot dilute hydrochloric acid 
and in hot dilute sodium hydroxide; as anticipated from its method of isolation, the compound was 
unaffected by boiling acetic anhydride. 

3(?) : 6-Dinitro-4-hydroxyquinoline.—The resin (C) was refluxed for 35 minutes with 2N-hydrochloric 
acid, filtered hot (solid D), cooled, and again filtered (solid E); the filtrate was basified with ammonia, 
and the solid (F) collected. The solid (D) (0-9 g.) was practically insoluble in the common solvents, and 
was best purified by repeated dissolution in very dilute ammonium hydroxide and reprecipitation with 
acetic acid; in this way 3(?) : 6-dinitro-4-hydroxyquinoline was obtained as colourless needles, m. p. 
352—354° (decomp.) (Found: C, 46-1; H, 2-2; N, 17-55. C,H,O,N, requires C, 46-0; H, 2-1; N, 
17-9%), which had no basic properties. Similar treatment of (E) (1 g.) gave a product, m. p. 312—316° 
(decomp.), which was extracted with hot acetic acid; the insoluble portion, after treatment with dilute 
ammonia and precipitation with acetic acid, had m. p. 347° (decomp.) alone and mixed with 
3(?) : 6-dinitro-4-hydroxyquinoline. The same compound, m. p. and mixed m. p. 348—350° (decomp.), 
was obtained (30—40%) by refluxing 3(?) : 6-dinitro-4-aminoquinoline for 3 hours with 5n-hydrochloric 
acid (100 parts); the reaction was very slow, and at least 50% of unchanged amine (from which more 
hydroxy-compound was obtainable by renewed hydrolysis) was recoverable from the filtrate. 

6-Nitro-4-aminoquinoline.—The solid (F) (6 g.) was extracted with 15-c.c. portions of cold 1% aqueous 
acetic acid until no further material was removed (13 extractions; total solids extracted = 4g.). The 
material obtained by basifying the first 9 extracts was recrystallised several times from hot 2N-hydrochloric 
acid and then basified, yielding 6-nitro-4-aminoquinoline as an orange solid, m. p. 303—306° (decomp.), 
not depressed by admixture with a sample [m. p. 311—312° (decomp.)] prepared from 4-chloro-6-nitro- 
quinoline (Simpson and Wright, Joc. cit.); the corresponding acetyl derivative had m. p. 228—229° 
alone and mixed with authentic material (m. p. 228—229°; loc. cit.). 

6-Nitro-4-nitroaminoquinoline.—Concentrated nitric acid (0-4 c.c., d 1-40) was added during 2 minutes 
to a stirred solution of 6-nitro-4-aminoquinoline (0-5 g.) in concentrated sulphuric acid (4 c.c.) at —16° 
to —20°. The solution was immediately poured on ice (50 g.), and the suspension made alkaline at 0° 
with ammonium hydroxide. The solution was filtered from a trace of insoluble material, acidified 
(hydrochloric acid), and the crude 6-nitro-4-nitroaminoquinoline (0-5 g.) recrystallised from aqueous 
acetone, from which it formed orange-yellow prismatic needles, insoluble in ether and ligroin, which 
decomposed at 216° without melting (Found: C, 45-6; H, 3-0; N, 23-95. C,H,O,N, requires C, 46-15; 
H, 2-6; N, 23-99%). When it (0-2 g.) was added during 8 minutes to stirred concentrated sulphuric 
acid (5 c.c.) at O—5°, a clear solution was formed, which was poured on ice (50 g.) and filtered from traces 
of insoluble matter. Basification and crystallisation from aqueous acetone gave yellow needles (0-13 g.) 
of 3(?) : 6-dinitro-4-aminoquinoline, m. p. 281—283° alone and mixed with the sample already described. 


WARRINGTON YORKE DEPARTMENT OF CHEMOTHERAPY, 
LIVERPOOL SCHOOL OF TROPICAL MEDICINE. (Received, January 30th, 1948.] 





410. Some Bz-Substituted-3-nitroquinolines. 


By J. S. Morey and J. C. E. Simpson. 


3-Nitroquinolines are readily prepared by refluxing compounds of type (I) in acetic acid 
with an arylamine hydrochloride. The method has been successfully applied to compounds (I) 
obtained from aniline and the three toluidines, but fails with p-nitroaniline and with 2-nitro-p- 
toluidine. 

The effect of using the salt of an arylamine different from that used in the preparation of (I) 
has been studied, and the results are discussed in terms of the hypothesis that the ring-closure 
occurs via (VII) by loss of a proton and arylamine. 


THE methods to be found in the literature for the synthesis of 3-nitroquinolines do not offer 
attractive routes for the preparation of Bz-substituted homologues or analogues. Clemo and 
Swan (jJ., 1945, 867) obtained 3-nitro-6 : 7-dimethoxy- and -methylenedioxy-quinoline by 
extending the methazonic acid—o-aminobenzaldehyde reaction (D.R.-P. 335,197), and 3-nitro- 
4-hydroxy- and thence * 4-chloro-3-nitro-quinoline have recently been prepared from anthranilic 

* A compound having markedly different properties has also been described as 4-chloro-3-nitro- 
quinoline by Gouley, Moersch, and Mosher (J. Amer. Chem. Soc., 1947, 69, 303), who prepared it by 
nitrating 4-hydroxyquinoline and chlorinating the product. Dr. K. Schofield informs us (private 
communication) that the compound of Gouley et al. is in reality 4-chloro-6-nitroquinoline; we have 


confirmed this, and have also found that the nitration produces small amounts of 8-nitro-4-hydroxy- 
quinoline. 
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acid and methazonic acid (Bachman, Welton, Jenkins, and Christian, J. Amer. Chem. Soc., 
1947, 69, 365), but the scope of this method, when aldehydes are used, is restricted by the fact 
that relatively few o-aminoaldehydes are known, and the preparation ot new analogues would 
not be likely to be always a simple problem. The method recently published by Uhle and 
Jacobs (J. Org. Chem., 1945, 10, 76), involving condensation of nitromalonic aldehyde with an 
arylamine and cyclisation of the Schiff base in presence of zinc chloride at 200—300°, works 
well with 2-naphthylamine, but gives only a poor yield when applied to aniline. Colonna 
(Chem. Abs., 1943, 37, 3096) has found that 3-nitroquinoline-4-carboxylic acid is a product of 
the condensation of isatin with nitromethane, but this observation, although suggesting a 
synthesis of, possibly, general utility, has not been extended to substituted isatins. 

The cyclisation of the anils of 8-keto-aldehydes to quinoline derivatives has been shown by 
Petrow (J., 1942, 693) to be greatly facilitated by the addition of a molecular proportion of the 
hydrochloride of the arylamine, and it seemed likely, in view of the formal similarity between 
such cyclisations and the reaction of Uhle and Jacobs, that an improvement of the latter might 
likewise result from the addition of arylamine hydrochloride. Some experiments on these lines 
have shown that this is in fact the case; 3-nitroquinoline derivatives are formed, sometimes in 
high yield, simply by refluxing the appropriate anil and arylamine hydrochloride for some 
hours in acetic acid without the addition of zinc chloride or other condensing agent. Thus 
2-nitro-2-formylethylideneaniline (I; R, = R, = R,; = H) and aniline hydrochloride gave 
3-nitroquinoline (II; R, = R, = H) in 41% yield (Uhle and Jacobs, loc. cit., report a 21% 

CHO 
NO 


. Or \CH-NO, “XY ° . 
‘| | i a , ON/\ 
BA yl Ay a Gh ~~ 
1 . 1 N N 
(L.) (II.) (III.) (IV.) 
yield); in an experiment in which the hydrochloride was largely replaced by the free base, no 
quinoline derivative could be isolated. 2-Nitro-2-formylethylidene-p-toluidine (I; R, = R, = 
H, R, = Me) and #-toluidine hydrochloride gave 3-nitro-6-methylquinoline (II; R, = H, 
R, = Me) in 77% yield (cyclisation of the Schiff base alone by means of zinc chloride gave only 
a 17% yield), which on nitration gave in high yield a single product, regarded as 3 : 5-dinitro- 
6-methylquinoline (III), and on reduction yielded 3-amino-6-methylquinoline (IV). Similarly, 
2-nitvo-2-formylethylidene-m-toluidine (I; “R, = R, = H, R,; = Me) and m-toluidine hydro- 
chloride gave 3-nitro-5-(or 7-)methylquinoline (55%); the o-toluidine isomer (I; R, = Me, 
R, = R; = H) also reacted with o-toluidine hydrochloride, but the yield of 3-nitro-8-methyl- 
quinoline (II; R, = Me, R, = H) was low (6°5%). No quinoline derivative was obtained from 
2 : 3’-dinitro-2-formylethylidene-p-toluidine (I; R, = H, R, = Me, R, = NO,) either by fusion with 
zinc chloride or by refluxing it with the corresponding arylamine hydrochloride in 80% acetic acid. 
These results suggested that the ring-closures might occur by acid-induced intramolecular 
cyclisation of the anils (V) [or (VI)] formed from the arylamine and the Schiff bases, and it 


(V). Ar-N:CH-CH(NO,)-CH:NHAY’ Ar-N:CH-C(NO,):CH‘NHAY (VI) 


became of interest to study cases in which Ar and Ar’ are two different aryl nuclei. We have 
found that 3-nitro-6-methylquinoline is formed when (I; R, = R, = H, R, = Me) is refluxed 
with either aniline hydrochloride (40% yield) or o-toluidine hydrochloride (22% yield), but that 
if m-toluidine hydrochloride is used the product is 3-nitro-5-(or 7-)methylquinoline (35% yield), 
identical with that obtained from the same hydrochloride and (I; R, = R, = H, Rs = Me). 
On the other hand, interaction of (I; R, = R, = R, = H) and -toluidine hydrochloride gave 
3-nitro-6-methylquinoline (16%), and no 3-nitroquinoline was isolated. The reaction between 
(I; R, = R, = H, R, = Me) and -toluidine hydrochloride gave a product, m. p. 135—137°, 
which was not identical with any of the above compounds, and is possibly a mixture of nitro- 
methylquinolines. No quinoline derivative was isolated from the product of reaction between 
p-toluidine hydrochloride and 2: 4’-dinitro-2-formylethylideneaniline (I; R, = R, = H, 
R, = NO,). 

Further study of this reaction is necessary before its limitations and detailed mechanism can 
be stated with precision. However, the existing data can be given a simple qualitative inter- 
pretation if one assumes that the entity which is cyclised is the resonating kation (VII), which 


(VII.) [Ar-NH‘CH-C(NO,):CH-NHAr’}+ Ar-NH-CH:C(NO,)‘CH:NAr’ (VIII) 


could yield the 3-nitroquinoline by loss of arylamine and a proton. The behaviour of a series 
of such kations, in which Ar is the same and Ar’ is varied, would depend in any given case on 
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the distribution of the kationic charge, which would itself change with variations in the nature 
of Ar’; it is thus possible to account for the formation of two different products from 2-nitro-2- 
formylethylidene-p-toluidine when it is refluxed with the hydrochlorides of aniline, p-toluidine, 
or o-toluidine on the one hand, and with that of m-toluidine on the other. Further, the 
resonating ion (VII) is common to each of the bases (VI) and (VIII), and hence the formation 
of 3-nitro-6-methylquinoline from (a) 2-nitro-2-formylethylideneaniline and p-toluidine hydro- 
chloride and (b) 2-nitro-2-formylethylidene-p-toluidine and aniline hydrochloride is readily 
explained. It is to be noted, however, that the two reaction-pairs—2-nitro-2-formylethylidene- 
m-toluidine—p-toluidine hydrochloride and 2-nitro-2-formylethylidene p-toluidine—m-toluidine 
hydrochloride—do not give identical products; further investigation is needed to show whether 
this result is a genuine discrepancy or has arisen from manipulative difficulties. 

The monoanil (I; R, = R, = R,; = H) andaniline readily yielded the dianil (Vor VI; Ar = 
Ar’ = Ph) when boiled for a short time in acetic acid in the absence of mineral acid; in dilute 
aqueous hydrochloric acid this compound was rapidly hydrolysed to the monoanil and aniline. 

The concept of cyclisation of a resonating kation of the type (VII) derivable from two formally 
tautomeric anils (VI) or (VIII) is merely a particular example of the more general case (IX), 
where R,, R,, and R, are substituents or hydrogen atoms, and could equally well be applied to 
other quinoline syntheses in which dianils or the type in question are believed to participate 
(e.g., Konig, Ber., 1923, 56, 1853; Petrow, loc. cit.; Johnson, Woroch, and Mathews, J. Amer. 
Chem. Soc., 1947, 69, 566). In the Combes synthesis, however, in which a monoanil 
Ar-N:CR:CH,°COR’ (or Ar‘NH*CR:CH:COR’) is heated in concentrated sulphuric acid, the 
participation of (IX) is unlikely, because it could arise only by hydrolysis of the monoanil 
followed by disproportionation, and Roberts and Turner (J., 1927, 1832) state, and we have 
confirmed, that the formation of 2 : 4 : 6-trimethylquinoline from (X) is quantitative. Further- 
more, we find that, in contrast to this quantitative transformation, no quinoline derivative is 
formed when (X) is refluxed with p-toluidine hydrochloride in glacial acetic acid (the products 

(IX.) [Ar-NH!CR,-CR,{CR,NHAr’]*+ p-Me-C,H,-NH-CMe:CH-COMe (X.) 


NAr” 
(XL) arCsCHR-NHAr 
from short periods of refluxing were hydrolysable to p-toluidine, and longer refluxing gave a 


neutral compound, m. p. 151°, of obscure constitution and apparent formula C,,H,,.O,N,). 

The Bischler indole synthesis, according to recent evidence (Ann. Reports, 1946, 48, 242; 
see also Cowper and Stevens, J., 1947, 1041), also proceeds by way of an amine-anil intermediate 
(XI), which, however, differs from (IX) by virtue of the fact that addition of a proton to (XI) 
would give an ion which, unlike (IX), is not derivable from two different base tautomers. This 
formal difference between the two types of synthesis might have important practical conse- 
quences should the tautomeric forms of (XI), and those of the base derivable from (IX), prove 
to be not readily interconvertible. 


EXPERIMENTAL, 
(Melting points are uncorrected.) 


Schiff Bases from Nitromalondialdehyde.—The following method, based on that of Hill and Torrey 
(Amer. Chem. J., 1899, 22, 95), gave consistent yields of 40% of sodionitromalondialdehyde. Mucobromic 
acid (20 g.) was added in one portion to a mechanically-stirred solution of sodium nitrite (20 g.) in water 
(50 c.c.) and alcohol (50 c.c.), and the temperature raised quickly to 50°; the spontaneous rise in temper- 
ature described by Hill and Torrey was not observed. After 10 minutes at 47—50°, the red solution was 
quickly cooled with vigorous stirring, and the yellow mass of sodionitromalondialdehyde collected (4-8 g.), 
washed with alcohol, and dried at 50°. The Schiff bases were all prepared by the same method, as illustrated 
by the following example. A freshly-prepared solution of sodionitromalondialdehyde (4-8 g.) in water (30 
c.c.) was added in one portion to a solution of aniline hydrochloride (5 g.) in 2N-hydrochloric acid (15 c.c.). 
The 2-nitro-2-formylethylideneaniline which rapidly separated was collected after a few minutes (yield, 82%) 
and crystallised from alcohol ; it then had m. p. 145—147° (Hill and Torrey give m. p. 143—144°). 2-Nitro- 
2-formylethylidene-o-toluidine (80% yield), fine, pale yellow needles from alcohol, had m. p. 133-—134° 
(Found: N, 14-1.- C,9H,,O,N, requires N, 13-6%). 2-Nitro-2-formylethylidene-m-toluidine (81% yield) 
formed yellow prismatic needles, m. p. 156—157°, from alcohol or aqueous acetic acid (Found: N, 
13-56%). 2-Nitro-2-formylethylidene-p-toluidine (yield, 80%) crystallised from alcohol or acetic acid 
in yellow needles, m. p. 179—180° (Hill and Torrey give m. p. 176—177°). 2: 4’-Dinitro-2-formyl- 
ethylideneaniline (83% yield), soft yellow needles from acetic acid, had m. p. 230—-231° (Found: N, 
17-4. C,H,O,N, requires N, 17:-7%). 2: 3’-Dinitro-2-formylethylidene-p-toluidine (from the arylamine 
sulphate; yield 95%) formed soft yellow needles, m. p. 206—207° to a red liquid, from aqueous alcohol 
or aqueous acetic acid (Found: C, 47-8; H, 3-9; N, 16-6. C,H,O,N,; requires C, 47-8; H, 3-6; N, 
16-7%); it was soluble in warm alkalis and was thereby hydrolysed to the arylamine, which separated 
when the solution was cooled. 

3-Nitroquinoline.—A solution of aniline hydrochloride (0-67 g.) and 2-nitro-2-formylethylideneaniline 
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(1 g.) in acetic acid (10 c.c.) was refluxed for 17 hours. On cooling and dilution with water, a gum was 
precipitated from which the liquid (A) was decanted. 3-Nitroquinoline was isolated from (A) by 
basification (sodium hydroxide), and from the gum by extraction with warm 2N-hydrochloric acid followed 
by basification; total yield 0-37 g. (41%). The compound formed needles, m. p. 127—128°, and did 
not depress the m. p. of a sample prepared by the method of Uhle and Jacobs (loc. cit.). 2-Nitro-2- 
formylethylideneaniline was recovered unchanged after its solution in acetic acid had been refluxed for 
24 hours, but in presence of 1 equiv. of aniline (in boiling acetic acid) the dianil was rapidly formed 
(brilliant yellow needles, m. p. 92—93°; Hill and Torrey give m. p. 93—94°). No quinoline derivative 
was isolated after equivalent amounts of the (mono)anil and aniline had been refluxed in acetic acid 
with 0-1 equiv. of aniline hydrochloride, but a mixture of 1 equiv. each of anil, aniline, and aniline hydro- 
chloride gave ca. 10% of 3-nitroquinoline. The yield of the latter was not raised above 41% by the 
use of a mixture of anil and 2 equivs. of aniline hydrochloride. 

3-Nitro-6-methylquinoline.—(a) A solution of 2-nitro-2-formylethylidene-p-toluidine (10 g.) and 
p-toluidine hydrochloride (7-6 g.) in acetic acid (50 c.c.) was gently refluxed for 16 hours. After dilution 
with an equal volume of water, 3-nitro-6-methylquinoline rapidly separated (7 g., 77%, m. p. 183—184° 
after being washed with a little cold acetic acid); it crystallised from absolute or aqueous ethanol in 
long, almost colourless prismatic needles, m. p. 185—186° (Found : C, 64-1; H, 4-3; N,14-8. C,,H,O,N, 
requires C, 63-8; H, 4:3; N, 14:9%). The cyclisation was also tried in a less concentrated acetic acid 
solution, but the yield was smaller (0-73 g. from 2 g. of Schiff base). In both cases the reaction was 
incomplete after 7 hours’ refluxing. 3-Nitro-6-methylquinoline and its analogues are sparingly soluble 
in water and fairly readily so in hot 2n-hydrochloric acid, but on cooling the free bases again separate ; 
a mixture of a 3-nitroquinoline and an arylamine can be readily separated in this way. 

(b) A mixture of 2-nitro-2-formyl-p-toluidine (0-44 g.) and powdered anhydrous zinc chloride (0-88 g.) 
was heated from 180° to 230° (bath temp.) during 3 minutes, and kept at 230° for 5 minutes. The cold 
mass was digested with hot water (50 c.c.), and the residue extracted with warm 5Nn-hydrochloric acid. 
Basification of the filtrate gave 3-nitro-6-methylquinoline (70 mg., 17-5%), m. p. 184—185° alone and 
mixed with authentic material. 

3-A mino-6-methylquinoline.—Stannous chloride (3-9 g.) was added in portions during 20 minutes to 
a stirred solution of 3-nitro-6-methylquinoline (1 g.) in 10N-hydrochloric acid (6 c.c.); the temperature, 
which initially was not allowed to exceed 45°, was finally raised to 60° for 10 minutes with vigorous 
stirring. The suspension was then cooled, diluted, and made alkaline with sodium hydroxide, and the 
product was taken successively into ether and warm 0-5n-hydrochloric acid (charcoal). Basification 
of the acid solution at 0° gave 3-amino-6-methylquinoline [crude yield (m. p. 100—104°), 100%], which 
separated slowly from aqueous ethanol in fine white needles, m. p. 106—107° (Found: C, 75-7; H, 6-3; 
N, 17-9. CHiN, requires C, 75-9; H, 6-4; N, 17-7%). The base, which showed a magnificent blue 
fluorescence in aqueous solution at pH 6, could be readily diazotised and coupled with alkaline B-naphthol. 

3 : 5-Dinitro-6-methylquinoline.—3-Nitro-6-methylquinoline (8 g.) was added during 20 minutes 
with stirring to a mixture of nitric acid (d 1-53) and 65% oleum (60 c.c., 5: 2 v/v) at —10° to —5°. 
After a further 10 minutes the temperature was allowed to rise to 0°, the solution poured on ice, and the 
solid (8-2 g., 83%, m. p. 163—164°) collected and crystallised from aqueous acetic acid and finally alcohol, 
from which 3 : 5-dinitro-6-methylquinoline separated in broad yellow blades, m. p. 167—168° (Found : 
C, 52:0; H, 3-2; N, 18-0. C,,H,O,N, requires C, 51-5; H, 3-0; N, 18-0%). 

3-Nitro-5-(or 7-)methylquinoline.—A solution of 2-nitro-2-formylethylidene-m-toluidine (0-5 g.) and 
m-toluidine hydrochloride (0-38 g.) in acetic acid (2-5 c.c.) was refluxed for 17 hours. Dilution with 
water gave almost: pure 3-nitro-5-(or 7-)methylquinoline (55%), which formed long, almost colourless, 
soft needles, m. p. 155—157°, from alcohol (Found: C, 63-85; H, 4:6; N, 14-9. C,H,O,N, requires 
C, 63-8; H, 4:3; N, 14-9%). 

3-Nitvo-8-methylquinoline.—An exactly similar experiment to the above, but with o-toluidine deriv- 
atives and 15 hours’ refluxing, gave a dark red solution, which was basified in the cold with 2N-sodium 
hydroxide. The resultant tar and suspension were extracted with ether, and the oil (0-48 g.) obtained 
by evaporation of the washed and dried extract was dissolved in aqueous ammoniacal alcohol; 3-nitro- 
8-methylquinoline (30 mg., 6-5%) separated, and formed bundles of slightly discoloured prismatic needles, 
m. p. 122—123° (Found: C, 64-0; H, 4-9; N, 15-3. C,,H,O,N, requires C, 63-8; H, 4:3; N, 14-9%). 

Reactions of Schiff Bases with Salts of Various Arylamines.—The variations described in the theoretical 
section of this paper were all carried out using 0-4—0-5 g. of Schiff base and 1 equiv. of arylamine salt 
in 2-5—3 c.c. of acetic acid (15—17 hours’ refluxing). The products were isolated as already described, 
and reaction mother-liquors were examined in cases where the total product was not extracted initially. 
The product from 2-nitro-2-formylethylidene-m-toluidine and p-toluidine hydrochloride formed colour- 
less needles, m. p. 132—134°, not changed by crystallisation from aqueous alcohol or dilute hydrochloric 
acid; chromatography in benzene, using a 10 cm. column of alumiria, was also virtually without effect, 
almost the whole of the material being recovered as a single fraction, m. p. 135—137° (softening at 133°) 
[135—144° when mixed with 3-nitro-5-(or 7-)methylquinoline]. 

Condensation of 2-p-Toluidinopent-2-en-4-one and p-Toluidine Hydrochlovide.—The base, m. p. 
69—70° (Roberts and Turner, loc. cit., give m. p. 68—69°) (0-5 g.), and p-toluidine hydrochloride (0-4 g.) 
were refluxed for 24 hours in acetic acid (1 c.c.). The solid which slowly separated during 48 hours was 
crystallised from water, giving colourless needles, m. p. 150—151° (0-3 g.), of a product which was 
unchanged by crystallisation from aqueous alcohol or dilute ammonia and had no obvious basic properties 
(Found: C, 72-0; H, 7-47; N, 9-55, 9-9. C,,H,,O,N, requires C, 71-8; H, 7-1; N, 9°85%). In 
alcoholic solution in presence of zinc chloride the condensation proceeded differently, but no single 
product could be isolated. 


We are indebted to the Medical Research Council for a Research Studentship (J.S.M.). 
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441. Studies in the Azole Series. Part IX. The Interaction of 
a-Amino-nitriles and Alkyl isoThiocyanates. 


By A. H. Coox, J. D. Downer, and Sir IAN HEILBRON. 


Aminoacetonitrile and ethyl a-aminocyanoacetate react with methyl isothiocyanate to give 
5-amino-2-methylaminothiazoles (e.g., IV). Unlike the corresponding 5-amino-2-acylamino- 
thiazoles (Parts VI and VIII) which isomerise in the presence of mild alkali to give 5-acyl- 
amino-2-mercaptoglyoxalines, the 5-amino-2-methylaminothiazoles give 5-amino-2-mercapto- 
1-methylglyoxalines (e.g., VII). 


PREVIOUS papers in this Series (Parts VI and VIII, this vol., pp. 1262, 1340) showed that acyl- 
isothiocyanates react with a-amino-nitriles to give substituted 2 : 5-diaminothiazoles (I) which 
rearrange in presence of mild alkali to give 5-acylamino-2-mercaptoglyoxalines (II) presumably 
through the intermediate (IIa). In the case of ethyl a-aminocyanoacetate, however, the 


R=C-NH, R=C-NH, R=C:NHR’ MeCH—CO 
S7 oer “SR. 
nur’ Nou SH NS 
(I.) (IIa.) (II.) (III.) 
(R = H, Me, Ph; R’ = Ph-CO, CO,Et) 


products obtained by reaction with either benzoyl or carbethoxy-isothiocyanate, containing 
two strongly electronegative groups (I; R = CO,Et, R’ = CO,Et or PhCO), failed to give 
any cyclic isomeride on treatment with alkali. It was then thought that this stability might 
be overcome by introducing a more electropositive substituent in place of the acyl group in the 
2-position of the thiazole. Accordingly, the present paper describes the reaction between 
«-amino-nitriles and methyl isothiocyanate and the rearrangement of the products in alkali. 

Mouneyrat and later Delépine (Bull. Soc. chim., 1903, 29, 1198) examined this reaction in 
the case of a-aminopropionitrile, obtaining a crude viscous reaction product which they failed 
to purify but which gave 3 : 5-dimethyl-2-thiohydantoin (III) on acid hydrolysis. 

It has now been established that equivalent quantities of aminoacetonitrile and methyl 
tsothiocyanate afford a base which can be diazotised. Having regard to reactions discussed in 
earlier parts of this series it is formulated as 5-amino-2-methylaminothiazole (IV). Its hydrolysis 
with concentrated hydrochloric acid gave 3-methyl-2-thiohydantoin (V) which was further 
identified by the preparation of its 5-benzylidene derivative (VI). The formation of (V) is 


CHPh:-¢——-CO 


-$ 
_ — " 
H==C-NH, , é 
x : : 


\nHMe “aco, CH=C-NH, 
(IV.) N NMe WN 
YZ 
C‘SH 
(VII.) 


paralleled by the hydrolysis of 5-amino-2-benzamidothiazole (Part VI of thisseries). On adding 
(IV) to dilute aqueous sodium carbonate an exothermic reaction took place with the formation 
of a pseudo-acidic isomeride which also exhibited basic properties; thus it formed a hydro- 
chloride, combined with methyl isocyanate, and underwent diazotisation. These reactions 
seemed incompatible with the glyoxaline structure (II; R = H, R’ = Me) already proved in 
earlier cases. It was soon evident, however, that the rearrangement had stopped at the inter- 
mediate stage (Ila; R= H, R’ = Me), because refluxing the isomeride with concentrated 
hydrochloric acid resulted in the isolation of 3-methyl-2-thiohydantoin. The product of re- 
arrangement was therefore formulated as 5-amino-2-mercapto-l-methylglyoxaline (VII), 
desulphurisation affording 5-amino-1-methylglyoxaline (VIII) which was unstable but formed a 
stable monopicrate and could be diazotised. 

These results encouraged further study employing ethyl «-aminocyanoacetate in place of 
aminoacetonitrile. This amino-nitrile with methyl isothiocyanate gave 5-amino-2-methylamino- 
4-carbethoxythiazole (I; R = CO,Et, R’ = Me), which was characterised by its ability to 
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diazotise and by the formation of a stable hydrochloride, benzylidene derivative, and a diacetyl 
derivative, 5-acetamido-2-methylimino-4-carbethoxy-3-acetylthiazoline. The formation of a 
Schiff’s base showed the more basic nature of the parent thiazole compared with the correspond- 
ing 5-acylaminothiazoles which failed to react in this way. Refluxing (I; R = CO,Et, R’ = 
Me) with aqueous sodium carbonate gave the isomeride, 5-amino-2-mercapto-4-carbethoxy-1- 
methylglyoxaline (IIa; R = CO,Et, R’ = Me), exhibiting both basic and pseudo-acidic properties. 
Its constitution was confirmed by vigorous hydrolysis which, removing the 4- and 5-substituents, 
gave 3-methyl-2-thiohydantoin. Further, it diazotised, and the diazonium salt coupled with 
B-naphthol to give a red dye. The glyoxaline was readily desulphurised by Raney nickel to 
give 5-amino-4-carbethoxy-1-methylglyoxaline (cf. VIII), which gave a hydrochloride and could 
be diazotised. Both the glyoxaline (Ila; R = CO,Et, R’ = Me) and its desulphurisation 
product failed to react with sodium cyanate under the usual conditions. 

Heating the thiazole (I; R = CO,Et, R’ = Me) with ethanolic ammonia gave 5-amino- 
2-mercapto-4-carbamido-1-methylglyoxaline by amide formation and rearrangement of the kind 
discussed above; it also exhibited basic and pseudo-acidic properties. It was desulphurised 
by Raney nickel to give 5-amino-4-carbamido-1-methylglyoxaline which also diazotised. All 
attempts to cyclise the latter compound to a purine, using ethyl carbonate (cf. Sarasin and 
Wegmann, Helv. Chim. Acta, 1924, 7, 713) or ethyl chloroformate (Mann and Porter, /., 1945, 
751) were unsuccessful, the glyoxaline being recovered. With carbonyl chloride only the 
hydrochloride of the parent base was obtained. 

Phenyl isothiocyanate was also allowed to react with ethyl «-aminocyanoacetate, but the 
product, presumably (I; R = CO,Et, R’ = Ph) since it readily united with a further molecule 


of phenyl isothiocyanate, proved much more stable towards alkali than products obtained when 
using methyl isothiocyanate. 


EXPERIMENTAL. 


5-A mino-2-methylaminothiazole.——A solution of methyl isothiocyanate (24-5 c.c.) in ether (25 c.c.) 
was added slowly to aminoacetonitrile (20 g.) in ether (150 c.c.) at 0° with stirring in nitrogen. The 
crude oil slowly solidified on continued stirring to give a brownish solid (30 g.), m. p. 97°, which when 
stirred in ethanol, filtered off, and washed with ether gave colourless prisms (21 g.), m. p. 98°. Crystallis- 
ation from ethyl acetate (4 vols. ) or ethanol (3 vols.) gave almost colourless prisms of 5-amino-2-methyl- 
aminothiazole, m. p. 100° (Found: C, 37-4; H, 5-6; N, 32-7. C,H,N,S requires C, 37-2; H, 5-5; N, 
32:5%). Light absorption (chloroform) : ps = 2420 A., € = 12,900. 

The preceding thiazole (1 g.). was boiled with concentrated hydrochloric acid (8 c.c.) for 5 mins., 
water (15 c.c.) added, the solution cooled, and the colourless prismatic needles of 3-methyl-2-thio- 
hydantoin (0-5 g.) filtered off and washed with a little ethanol; m. p. and mixed m. p. with authentic 
material, 162° (Marckwald, Neumark, and Stelzner, Ber., 1891, 24, 3285, quote m. p. 162°) (Found: 
C, 37-3; H, 4-75; S, 24-9. Calc. for CH,ON,S : C, 36-9; H, 4-65; Ss, 24-86%). 

3- Methyl- 2- -thiohydantoin (0-5 g.), dissolved in acetic acid (4 5c. ‘c.) containing fused sodium acetate 
(0-6 g.) and benzaldehyde (0-6 c.c.), was heated in an oil-bath at 140° for 1 hour. On cooling, the yellow 
needles (0-6 g.), m. p. 205°, were filtered off and washed with ethanol and ether. Crystallisation from 
ethanol (100 vols.) gave long yellow needles of 5-benzylidene-3-methyl-2-thiohydantoin, m. p. 204° (Found : 
C, 60-5; H, 4:4; N, 12-5; S, 14-9. C,,H,,ON,S requires C, 60-5; H, 4-6; N, 12-8; S, 14:-7%). The 
3-methyl-2-thiohydantoin obtained from 5-amino-2-methylaminothiazole above, gave the same benzyl- 
idene derivative, m. p. and mixed m. p. 204°. 

5-A mino-2-mercapto-1-methylglyoxaline.—5-Amino-2-methylaminothiazole (10 g.) was mixed with 
10% aqueous sodium carbonate (25 c.c.); an exothermic reaction immediately commenced and was 
completed by heating on the steam-bath under nitrogen for 5 minutes, a clear solution being obtained. 
The thick crystalline omg which formed on cooling was stirred with water (20 c.c.) containing a trace 
of sodium hydrogen sulphite, filtered off, and washed with a little water, ethanol, and finally ether to give 
colourless prismatic rods (6-5 g.), m. p. 148°, which rapidly darkened on exposure toair. Crystallisation 
from methanol (10 vols. ) gave almost colourless needles, of 5-amino-2-mercapto-1-methylglyoxaline, m. p. 
151° (decomp.) (Found: C, 37-5; H, 5-6; N, 32-3; S, 24-4. C,H,N,S requires C, 37-2; H, 5-5; N, 
32-5; S, 248%). Light absorption (etharol) : Amax. = 2670 4., € = 13,550. 

Boiling the above glyoxaline (0-9 g.) for 2 minutes with concentrated hydrochloric acid (5 c.c.) and 
crystallisation of the product from ethanol-ether gave colourless silky needles of 5-amino-2-mercapto-1- 
methylglyoxaline eri (0-4 g.), m. p. 222° (decomp.) (Found: N, 25-0; S, 18-9. C,H,N,CIS 
requires N, 25-4; S, 19-4%). It could be diazotised, and the diazonium ‘salt coupled with B-naphthol 
to give a red dye. 

Refluxing 5-amino-2-mercapto-1- methylglyoxaline (0-5 g.) in concentrated hydrochloric acid (5 c.c.) 
for 2 hours, cooling, and filtering gave colourless irregular prisms of 3-methyl-2-thiohydantoin (0-2 g.), 
m. p. and mixed m. p. with an authentic specimen 162°. 

5-Amino-2-mercapto-l-methylglyoxaline (1-5 g.), pyridine (8 c.c.), and methyl isocyanate (1-2 c.c.) 
were refluxed gently for 10 minutes, a crystalline solid (1-0 g.), m. p. 211°, separating. Crystallisation from 
ethyl acetate-methanol gave colourless micro-crystals of 5-methylureido-2-mercapto-1 -methylglyoxaline, 
s p. 212° (Found: C, 39-1; H, 5-5; N, 29-8; S, 17-1. C,H, ON,S requires C, 38-7; H, 5-4; N, 30-1; 

17-2%). 

5-Amino-2-mercapto-1-methylglyoxaline (3 g.) was refluxed in ethanol (20 c.c.) with Raney nickel 
(ca. 4 g.) for 40 minutes. Evaporation of the filtrate in a vacuum gave colourless irregular prisms of 
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5-amino-l-methylglyoxaline (1-3 g.), m. p. 101° (decomp.), which rapidly decomposed in air. It formed 
a stable monopicrate, m. p. 177° (Found: C, 36-8; H, 3-3; N, 26-4. Cy H,O,N, requires C, 36-8; H, 
3-1; N, 25-8%). The base formed a deliquescent hydrochloride with ethanolic hydrochloric acid which 
could be diazotised, the diazonium salt coupling with f-naphthol to give a red dye. 

5-A mino-2-methylamino-4-carbethoxythiazole.—A solution of methyl isothiocyanate (14 c.c.) in ether 
(15 c.c.) was added to a solution of ethyl a-aminocyanoacetate (26 g.) in ether (100 c.c.), and the clear 
solution kept overnight. The colourless crystals (30-5 g.), m. p. 162°, which had deposited were filtered 
off and washed with ether. The filtrate, after several days, gave a further crop of crystals (5 g.), m. p. 
162°. Crystallisation from ethanol (10 vols.) gave colourless irregular prismatic rods of 5-amino-2- 
methylamino-4-carbethoxythiazole, m. p. 162° (decomp.) (Found: C, 42-0; H, 5-6; N, 20-8; S, 16-0. 
C,H,,0,N,S requires C, 41-8; H, 5-5; N, 20-9; S, 15-9%). Light absorption (chloroform) : Ams. = 
2600 , 3080, 3050 a.; « = 10,850, 9,050, 9,050, respectively. It was soluble in dilute hydrochloric acid 
and could be diazotised. 

The preceding thiazole (1 g.) on boiling with 3% ethanolic hydrochloric acid (30 c.c.) gave colourless 
micro-needles of 5-amino-2-methylamino-4-carbethoxythiazole hydrochloride, m. p. 140° (decomp.) (Found : 
S, 13-3. C,H,,0,N,SCl requires S, 13-5%). 

Refluxing 5-amino-2-methylamino-4-carbethoxythiazole (2 g.) with benzaldehyde (1 c.c.) in ethanol 
(20 c.c.) for 20 minutes and cooling gave a bright yellow solid (0-8 g.), m. p. 180°, which on recrystallis- 
ation from ethanol (25 c.c.) gave yellow prismatic needles of the benzylidene derivative (0-5 g.), m. p. 
182° (Found: C, 57-7; H, 5-1; N, 14-6; S, 11-0. C,,H,,0O,N,S requires C, 58-0; H, 5-2; N, 14-5; 
S, 11-:1%). Light absorption (chloroform) : Amax. = 2480, 3910 a.; « = 14,450, 18,775, respectively. 

5-Amino-2-methylamino-4-carbethoxythiazole (1-5 g.) was refluxed in acetic anhydride (10 c.c.) for 
15 minutes, the cold solution stirred with iced water (70 c.c.) for 15 minutes, and the crude product (2 g.), 
m. p. 197°, filtered off and washed with water. Crystallisation from ethanol (90 c.c.) gave colourless 
needles of 5-acetamido-2-methylimino-4-carbethoxy-3-acetylthiazoline (1-7 g.), m. p: 197° (Found: C, 46-1; 
H, 5-2; N, 14-6; S,11-3. C,,H,,0,N,S requires C, 46-3; H, 5-3; N, 4-7; S,11-2%). Light absorption 
(chloroform) : Amax. = 2780, 3070 a.; « = 13,400, 10,850, respectively. 

5-A mino-2-mercapto-4-carbethoxy-1-methylglyoxaline.—5-Amino-2-methylamino-4-carbethoxythiazole 
(12 g.) was refluxed for 45 minutes in 10% aqueous sodium carbonate (150 c.c.), and the crystalline solid 
(2-3 g.), m. p. 210°, deposited on cooling was filtered off (see below). Crystallisation from ethanol 
(40 c.c.) (charcoal) gave colourless prisms of 5-amino-2-mercapto-4-carbethoxy-1-methylglyoxaline, m. p. 
211° (decomp.) (Found: C, 42-4; H, 5-5; N, 21:2; S, 15-7. C,H,,0O,N,S requires C, 41-8; H, 5-5; 
N, 20-9; S,15-9%). Light absorption (ethanol) : Amax. = 2280, 2690, 3070 a.; e = 9,050, 10,050, 22,100, 
respectively. It dissolved in hot aqueous sodium carbonate with a red coloration, was sparingly soluble 
in dilute hydrochloric acid, and could be diazotised. The filtrate (see above) was neutralised and 
evaporated to dryness in a vacuum. The residue was extracted with hot methanol (200 c.c.), and the 
extract concentrated to 40 c.c. and diluted with ether (150 c.c.). Repeated crystallisation from ethyl 
acetate—ethanol of the cream solid (8 g.), m. p. 271° (decomp.), which was precipitated, gave colourless 
micro-plates of a compound, m. p. 273° (decomp.) (Found : C, 32-0; H, 4-2; N, 30-3; S, 17-5. C;H,O,N,S 
requires C, 31-9; H, 4:3; N, 29-8; S, 17-°0%). Light absorption (ethanol): Amax. = 2560, 2930 a.; 
e = 11,275, 13,450, respectively. It dissolved in dilute aqueous sodium carbonate, giving a red color- 
ation. On refluxing the preceding compound (1-5 g.) for 20 minutes with 30% hydrochloric acid (12 c.c.), 
vigorous effervescence occurred, and on cooling cream prisms (0-9 g.) of 3-methyl-2-thiohydantoin, 
m. p. and mixed m. p. with authentic material 162°, crystallised. 

5-Amino-2-mercapto-4-carbethoxy-l-methylglyoxaline (1 g.) was refluxed in ethanol (20 c.c.) with 
Raney nickel (ca. 3 g.) for 45 minutes. The filtrate was evaporated to dryness in a vacuum, and the crude 
product (0-7 g.) crystallised from ethyl acetate-ethanol, giving colourless rods of 5-amino-4-carbethoxy- 
1-methylglyoxaline, m. p. 192° (Found: C, 50-0; H, 6-2; N, 24-8. C,H,,0,N, requires C, 49-7; H, 6-5; 
N, 24:8%). Light absorption (ethanol) : Amax. = 2685 .4.; ¢€ = 13,775. It dissolved in dilute hydro- 
chloric acid and could be diazotised. Dissolving the base (1-5 g.) in hot ethanol (15 c.c.) containing 6% 
ethanolic hydrogen chloride (12 c.c.) and diluting with ether (55 c.c.) gave colourless needles (1-5 g.) of 
5-amino-4-carbethoxy-1-methylglyoxaline hydrochloride, m. p. 203° (decomp.) (Found: C, 40-6; H, 5-8; 
N, 20-4. C,H,,0,N;CIS requires C, 40-9; H, 5-9; N, 20-4%). 

5-Amino-2-methylamino-4-carbethoxythiazole (4 g.) was heated at 100—110° with ethanol (25 c.c.) 
and liquid ammonia (5 c.c.) for 24 hours (sealed tube). The crystals (2-2 g.), m. p. 245° (decomp.), 
crystallised from a large volume of methanol to give colourless irregular prisms of 5-amino-2-mercapto- 
4-carbamido-1-methylglyoxaline, m. p. 251° (decomp.) (Found: C, 35-0; H, 5-0; N, 33-0; S, 17-9. 
C,H,ON;,S requires C, 34-9; H, 4:7; N, 32-6; S, 18-6%). Light absorption (ethanol) : Amax. = 2680, 
3030 a.; ¢« = 9,975, 18,925, respectively. It dissolved in dilute hydrochloric acid and could be 
diazotised. It gave a red solution in alkali. 

The preceding glyoxaline (2-7 g.) was refluxed for 40 minutes in ethanol (220 c.c.) with Raney nickel 
(ca. 6 g.). The crude product (1-9 g.) obtained by evaporation in a vacuum of the filtrate crystallised 
from ethanol (100 vols.) to give colourless scintillating needles of 5-amino-4-carbamido-1-methylglyoxaline, 
m. p. 254° (decomp.) (Found : C, 42-9; H, 6-0; N, 38-6. C,;H,ON, requires C, 42-8; H, 5-8; N, 40-0%). 
Light absorption (ethanol) : Amax. = 2680 4.; ¢ = 13,300. Heating it with a 20% toluene solution of 
carbonyl chloride (0-5 g. in 12 c.c.) at 170° (sealed tube) for 16 hours gave 5-amino-4-carbamido-1-methyl- 
glyoxaline hydrochloride (0-55 g.), m. p. 257°, which reverted to the base on neutralisation. 

Phenyl isothiocyanate (24 c.c.) was added to ethyl a-aminocyanoacetate (26 g.) in ether (100 c.c.) 
and the mixture allowed to reflux gently. After standing overnight the colourless needles (46 g.), 
m. p. 200°, were filtered off and crystallised from ethanol to give colourless prisms of 5-amino-2-anilino- 
4-carbethoxythiazole, m. p. 200° (Found: C, 54-6; H, 5-1; N, 15-8. C,,H,,0,N,S requires C, 54-7; 
H, 5-0; N, 16-0%). Light absorption (chloroform) : Amax. = 2910 4.; « = 14,750. 

The preceding thiazole (2 g.) was dissolved in pyridine (9 c.c.) and boiled for 1 minute with phenyl 
isothiocyanate (1 c.c.). On cooling and dilution with methanol (40 c.c.) a yellow solid (1-6 g.), m. p. 
218°, was obtained which crystallised from dioxan to give yellow needles of 5-phenylthioureido-2-anilino- 
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4-carbethoxythiazole, m. p. 218° (Found: N, 14-0. C,9H,,0,N,S, requires N, 14:1%). Light absorption 
(dioxan) : Amax. = 2900, 3700 a.; « = 26,650, 13,350, respectively. 
The authors thank Dr. E. A. Braude for the determination of absorption spectra. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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412. Studies in the Azole Series. Part X. Some 5-Amino-2-mer- 
capto-4-alkylthiazoles and 2 : 4-Dithio-5-alkylhydantoins. 


By A. H. Coox, Sir Ian HEILBRon, and E. S. STERN. 


Reaction of various aliphatic a-amino-nitriles with carbon disulphide gives 5-amino-2- 
mercapto-4-alkylthiazoles which are readily isomerised to dithiohydantoins on warming with 
alkali. 


In previous papers in this series (Cook, Heilbron, and Levy, Part II, J., 1947, 1598; Part III, 
this vol., p. 201) it was observed that the stability of 5-amino-2-mercaptothiazoles (I) varies 
greatly with the substituent in the 4-position. Thus (I; R = Ph) was readily obtainable from 
a-aminobenzyl cyanide and was quite stable when pure, though it rearranged to the isomeric 
dithiohydantoin (II; R = Ph) on boiling with alkali. Aminopropionitrile, on the other hand, in 
reaction with carbon disulphide gave the dithiohydantoin (II; R= Me) immediately, the 
intermediate thiazole only being isolated when the reaction was carried out in the presence of a 
carbonyl compound, e.g., in acetone, whereupon the Schiff’s base was produced. The present 
paper describes thiazoles of the type (I) in which R is a higher alkyl group; the substituents 
chosen were the v-hexyl, the l-ethylamyl, and the w-carbethoxy-n-butyl groups. 

It was found that on reaction of the appropriate a-amino-nitrile with carbon disulphide 
comparatively low-melting aminomercaptothiazoles [1; R = n-C,H,;, Bu*CHEt, or CO,Et*Bu*, 
respectively] were produced; these were quite stable when pure but on warming with 
alkali or even on prolonged standing in solution they isomerised to the corresponding 
dithiohydantoins (II). The thiazole (I; R = m-C,H,;) condensed readily with carbonyl 
compounds giving Schiff’s bases (III; R = H, R’ = n-C,H,;, or R = R’ = Me); the thiazoles 
(I) condensed with glyoxal (Part II, Joc. cit.) and the purple colour obtained served to distinguish 
them from the isomeric dithiohydantoins (II). Acetylation of (I; R=m-C,H,, and 
R= Bu”CHEt) proceeded with great ease in acetic anhydride, and as the acetyl derivatives 
failed to react with carbonyl compounds they must be the 5-acetamido-compounds. 
Methylation, on the other hand, by contrast with the phenyl analogue (I; R = Ph), usually 
failed to give a solid methylthio-derivative though 5-acetamido-2-methylthio-4-n-hexylthiazole was 
suitable for the characterisation of the parent thiol compound. 


R-C==C-NH, R-CH—CS u-C,H ,5°C——C-N:CRR’ 
N Ss NH NH NH 


\ 4 
NSH NS NS 


(I.) (II.) (III.) 


The structure of the dithiohydantoins (II; R= x-C,H,, and R= Bu”CHEt) was 
established by desulphurisation with aqueous chloroacetic acid (Johnson e¢ al., J. Amer. Chem. 
Soc., 1912, 34, 1041) to the corresponding hydantoins, which were independently prepared by 
the method of Henze and Speer (J. Amer. Chem. Soc., 1942, 64, 522). 

The above thiazoles were selected because the products appeared to bear some structural 
relationship to biotin; accordingly, several of the resulting thiazoles and dithiohydantoins 
were tested for biotin activity at the laboratories of the Distillers Co. Ltd., Great Burgh, Epsom, 
by Mr. J. S. Harrison, to whom the authors are much indebted. These tests showed no growth- 
promoting effect for either L. casei or Sacch. cerevisie; a slight growth-inhibitory effect could 
not be reversed by addition of biotin and appears to be due to the general toxicity of these 
compounds. 

EXPERIMENTAL. 


, Heptaldehyde had b. p. 53°/19 mm., m3?" 1-4113, and the cyanohydrin had b. p. 140°/19 mm., ni? 
4351. 


1-Amino-n-octyl cyanide (cf. Erlenmeyer and Sigel, Annalen, 1875, 177, 125) was obtained by treating 
the above cyanohydrin (15 g.) in ethanol (15 c.c.) with liquid ammonia (30 c.c.) overnight at room 
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temperature. The hydrochloride (15 g.), precipitated from ether, crystallised from ethyl acetate in 
needles, m. p. 141—142° (Found: C, 54-4; H, 9-6; N, 15-5. C,H,,N,Cl requires C, 54-4; H, 9-7; N, 
15-85%). Regeneration of the base yielded an oil which on distillation gave an unidentified oil, b. p. 
100°/10-3 mm., n}¥" 1-4500 (Found: C, 74-8; H, 11-5; N, 11-8%) ; on treatment with ethereal hydrochloric 
acid this gave ‘the hydrochloride described above. 

5-Amino-2-mercapto-4-n-hexylthiazole (as I).—The above hydrochloride (48 g.) was neutralised with 
sodium hydrogen carbonate, and the base extracted into light petroleum (b. p. 40—60°); addition of 
carbon disulphide (24 g.) in light petroleum afforded, after standing for 6 hours at 0° under nitrogen, 
5-amino-2-mercapto-4-n-hexylthiazole (21 g.) which crystallised from ethyl acetate-light petroleum in 
pale yellow needles, m. p. 113° (Found: C, 50-4; H, 7-4; N, 12-7; S, 29-6. C,H,,N,S, requires C, 
50-0; H, 7-5; N, 13-0; S, 29-6%). Light absorption : Amax. in ethanol = 3340 a., « = 11200; in 
20% aqueous ammonia Amax. = 3040 4.,€ = 5500. Acetylation of the thiazole (2 g.) with acetic anhydride 
(10 c.c.) gave 5-acetamido-2-mercapto-4-hexylthiazole (2 g.), which crystallised from ether—benzene in 
needles, m. p. 175° (Found: C, 51-6; H, 7-0; N, 10-65. C,,H,,ON,S, requires C, 51-1; H, 7:0; N, 
10-85%). Light absorption: maximum in ethanol at 3370 a., « = 16,000. 

Treatment of the acetyl compound (1 g.) in 2N-sodium hydroxide (10 c.c.) with methyl sulphate 
(0-5 g.) at 0° yielded 5-acetamido-2-methylthio-4-n-hexylthiazole (1-2 g.), which formed needles from 
ethyl acetate-light petroleum, m. p. 85-5° (Found: C, 53-2; H, 7-4; N, 10-4; S, 24-1. C,,H,,ON,S, 
requires C, 52-9; H, 7-4; N, 10-3; S, 23-5%). Light absorption in ethanol: Amsx, = 2500, 2560, and 
2990 a., « = 3600, 3600, and 12,000 respectively. 

5-n-Heptylideneamino-2-mercapto-4-n-hexylthiazole (III; R =H, R’ = n-C,H,;) was obtained from 
the thiazole (I; R = n-C,H,;) by addition of heptaldehyde. It crystallised from ethyl acetate-light 
petroleum in very pale yellow needles, m. p. 113° (Found: C, 61-7; H, 8-95; N, 8-7; S, 21-0. 
C,,H,,N,S, requires C, 61-4; H, 9-0; N, 8-5; S, 20-56%). Light absorption maxima in ethanol: 2280, 
2400, and 3370 a.; « = 6500, 6300, and 12,500, respectively. This substance (8-5 g.) was also obtained 
by treating (A), from the distilled a-amino-n-octyl cyanide (10 g.), with carbon disulphide (5 g.) in light 
petroleum. ; 

Treatment of the thiazole (I; R = m-C,H,,;) with acetone, or addition of carbon disulphide to 
a-amino-n-octyl cyanide in acetone, afforded 2-mercapto-5-isopropylideneamino-4-n-hexylthiazole (III; 
R = R’ = Me), m. p. 99—100° (Found: N, 10-6; S, 25-5. C,,H»N,S, requires N, 10-9; S, 25-0%). 

The thiazole (I; R = n-C,H,,) (2 g.) with pyridine (10 .c.c.) on refluxing for 10 minutes gave a 
bis-compound (1-8 g.) (cf. the behaviour of I, R = Ph; Part II of this series), soluble in aqueous sodium 
hydroxide and in excess of pyridine but insoluble in ammonia. It crystallised from dioxan—water in 
yellow needles, m. p. 212—215° (decomp.) (Found: C, 50-6; H, 6-9; N, 12-9; S, 29-6. C,,H,,N, Se 
requires C, 50-2; H, 7-0; N, 13-0; S,29-8%). Light absorption i in ethanol : Auex. = 2230, 2650, *3370 A. 
e = 13,500, 21, 500, ‘and 5600, respectively. 

 ¥ 4-Dithio-5-n-hexylhydantoin (II; R = n-C,H,,;).—Treatment of the thiazole (I; R = C,H,,) 
(5 g.) with hot 2N-sodium hydroxide for 10 minutes or with hot saturated aqueous potassium carbonate 
(20 c.c.) for 1 hour under nitrogen afforded on acidification 2 : 4-dithio-5-n-hexylhydantoin (4-8 g.), a 
colourless solid which very rapidly became yellow, and on crystallisation from ethyl acetate had m. p. 
233—234° (decomp.) (Found : C, 49-3; H, 7-0; S, 29-5. C,H,,N,S, requires C, 50-0; H, 7-5; S, 29°6%). 
Light absorption maxima in ethanol: 2420 and 3220a.; « = 6500 and 15,000, respectively; in 20% 
aqueous ammonia : maximum at 3340 a.,e = 8500. This dithiohydantoin was also obtained by treating 
l-amino-n-octyl cyanide (5 g.) and carbon disulphide (2-5 g.) with a suspension of potassium carbonate 
(4:2 g.) in ethanol (35 c.c.) for 3 hours at 60° under nitrogen. It was soluble in ammonia and carbonate 
solution but insoluble in bicarbonate or 1N-sodium acetate. Acetylation of (II; R = n-C,H,,) (0-5 g.) 
with acetic anhydride (5 c.c.) and sulphuric acid (0-1 c.c.) gave the monoacetyl compound (0-4 g.), separating 
from ethyl acetate-light petroleum in needles, m. p. 155° (Found: C, 50:3; H, 7:0; S, 25-3. 
C,,H,,ON,S, requires C, 51-1; H, 7-0; S, 24- 8%). Dithio-n-hexylhydantoin (0-8 g.) with chloroacetic 
acid (0-8 g.) in water (5c.c.) on refluxing for 30 minutes under nitrogen gave 4-n-hexylhydantoin (0-6 g.), 
m. p. 146°, undepressed by authentic material prepared by Henze and Speer’s method (loc. cit.). 

2- Ethyl-n-hexanal had b. p. 160°, n??" 1 4152 (cf. Weizmann e al., Chem. and Ind., 1937, 56, 587). 
The cyanohydrin had b. p. 86-5°/0-05 mm., n}%° 1-4419 (Found: C, 69- 8; H, 11-1; N, 9-0. C,H,,ON 
requires C, 69-5; H, 11-0; N, 9-0%). Treatment of the cyanohydrin. (15 g.) with liquid ammonia 
(25 c.c.) in ethanol (15 c.c.) and standing overnight afforded l-amino-2-ethyl-n-hexyl cyanide, the 
hydrochloride (8-5 g.) of which crystallised from ethyl acetate in needles, m. p. 139° (Found: C, 56-6; 
H, 10:0; N, 15-0. C,H,,N,Cl requires C, 56-65; H, 10-0; N, 14-7%). 

5-A mino-2-mercapto-4-1’-ethyl-n-amylthiazole.—Regeneration of the preceding base from the hydro- 
chloride (3 g.), extraction with light petroleum, and reaction with carbon disulphide (2 g.) afforded 
5-amino-2-mercapto-4-1’-ethyl-n-amylthiazole (1 g.) which crystallised from ethyl acetate-light petroleum 
in pale yellow needles, m. p. 79° (decomp.) (Found: C, 52-5; H, 8-0; N, 11-7. C,.H,,N,S, requires 
C, 62-1; H, 7-9; N,12-2%). Light absorption maximum in ethanol at 3390 a., e = 11,500, and in 20% 
ammonia at 3040 a., e = 7500. Acetylation with acetic anhydride gave the 5-acetamido-derivative, 
crystallising from ethyl acetate-light petroleum in very pale yellow needles, m. p. 200—201° (decomp.) 
(Found : C, 52-5; H, 7-3; N, 9-7. CraHaoON2S: requires C, 52-9; H, 7-4; N, 10-3%). Light absorption 
maximum in ethanol at 3310 A.,€ = 14,50 

2 : 4-Dithio-5-1’-ethyl-n n-amylhydantoin a obtained by alkali treatment of the thiazole; the colourless 
compound on crystallisation from ethyl acetate gave pale yellow needles, m. p. 258° (decomp.) (Found : 
C, 52:3; H, 8-1; S, 26-8. C,9H,,N,S, requires C, 52:1; H, 7-9; S, 27-8%). The dithiohydantoin 
(0-15 g.) on refluxing with 20% aqueous chloroacetic acid (2 c.c.) gave 5-1’-ethyl-n-amylhydantoin (0-1 g.), 
m. p. 145—146° (Found : C, 60-3; H, 8-9; N, 13-7. C,sH,,0O,N, requires C, 60-6; H, 9-15; N, 14-1 §}. 
identical with a sample prepared by the method of Henze and Speer (loc. cit:). 

w-Carbethoxy-n-valeralde hyde, prepared by the method of Baker e¢ al. (J. Org. Chem., 1947, 12, 
163), had b. p. 93°/1 mm., 33° 1-4305; the cyanohydrin had b. p. 138°/0-01 mm., n?}° 1-4471 (Found : 
C, 58-5; H, 8-3. C,H,,0,N ‘requires C, 58-35; H, 8-15%). Treatment of the palin. Prot ws (12 g.) in 
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ethanol (20 c.c.) with liquid ammonia (20 c.c.) gave a-amino-w-carbethoxyhexonitrile, which was isolated 
as its oxalate. 

5-A mino-2-mercapto-4-w-carbethoxy-n-butylthiazole was obtained by regeneration of the base from the 
above oxalate and reaction with carbon disulphide. It crystallised from ethyl acetate—light petroleum 
in very pale yellow needles, m. p. 65° (decomp.) (Found: C, 46-1; H, 6-2; N, 10-8. C,H,,O,N,S, 
requires C, 46-1; H, 6-2; N, 10-8%). 

2 : 4-Dithio-5-w-carbethoxy-n-butylhydantoin, obtained by treatment of the thiazole with a suspension 
of potassium carbonate in ethanol at 60° for 3 hours under nitrogen, crystallised from ethyl acetate-light 
petroleum and had m. p. 199—200° (Found: C, 46-65; H, 6-8; N, 11-1. C,9H,,0,N,S, requires C, 
46-1; H, 6-2; N, 10-8%). 


We thank Dr. E. A. Braude for the determination of absorption spectra. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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413. The Measurement of Gas Solubilities. 


By T. J. Morrison and F. BILvett. 


An apparatus based on the flow of a liquid film through the gas has been developed for 
the study of gas solubility problems, including the salting-out effect. The method compares 
favourably with the normal Ostwald technique in rapidity and accuracy. 


THE type of apparatus used in most of the work is shown in Fig. 1, though various modifications 
were tried initially. The thoroughly boiled-out solvent from M is injected drop by drop at A. 
The spiral H is necessary to preheat the 

solvent in work at higher temperatures. Fic. 1. 


After flowing through spiral B, the liquid 
passes into the gas burette C. The levelling 
burette D is sealed into the bottom of C, 
and saturated solvent is allowed to drop 7 
from tap E at such a rate that the levels in 
C and D are kept the same. Solvent from 
E is collected and measured. Readings of A 
B 
> 








C give the volume of gas dissolved, while 
the volume of solvent is the amount collected 
at E together with the volume accumulating 
in C and D. The absorption section is 
contained in a thermostat. The dimensions 
are not critical, but a spiral B of about 5 
turns of 10-mm. tubing with a diameter of 
about 7 cm. was found suitable; C and D 
may be ordinary 50-ml. burette tubes. 

Samples of gas obtained and purified as 
indicated in the table are stored over satur- 
ated water in inverted separating funnels 
with reservoirs (F, G). The gas supply is 
connected to D throughout so that constant 
pressure can be maintained in the absorp- 
tion section. The absorption apparatus is 
initially filled with gas either by evacuation 
or by displacing air-free solvent. 


In measuring the solubilities of very 

soluble gases (with Ostwald coefficients 

greater than 0°5), the levelling burette D is 

replaced by a second gas burette sealed in 
E 















































above spiral B. This contains gas over 
mercury or saturated solvent, and constant 
pressure is maintained by adding liquid to 
the levelling tube of the second burette. 
Preliminary work with various modifications of the apparatus established the fact that 
equilibrium between the film of liquid and gas is attained with considerable rapidity. It was 
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found that variation in rate of flow within wide limits and in the dimensions of the spiral had 
no appreciable effect on the solubility. Measurements were carried out with rates as low as 
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0°5 c.c./min. and as high as 5 c.c./min. At low rates, however, the time required for the 
absorption of sufficient gas becomes too great, and at very high rates the control of the apparatus 
becomes difficult. There was, however, no indication of any appreciable change in solubility 
in this range, provided that the drop rate is adjusted to a constant value while readings are 
being taken. For normal work a range of drop rate from 1°5 to 2°5 c.c./min. was found to be 
most suitable. A run of 4—6 hours corresponds to agitation for this length of time in the 
Ostwald method, with the certainty that fresh liquid is continuously exposed to the gas. The 
method has the marked practical advantage that a number of volume readings can be taken 
during a run, and the solubility determined graphically from the slope of the line obtained by 
plotting volume of gas (or burette reading) against volume of liquid. Plots of this type are 
presented for methane and ethane, on which gases most of the preliminary work was done 
(Fig. 2). It is also clear that any factor which affects the solubility, such as traces of impurities 
or incompletely boiled out solvent, will be detected by some curvature of the line. Runs 
which showed such a curvature were obtained in a few cases and rejected. 


DISCUSSION. 


The table gives values for the absorption coefficients (calculated from the slopes by reduction 
to 273° k.) of several gases compared with the recorded values. The values obtained by the 

Solvent: water. Temp. 25° + 0-1°. 

(Recorded values from I.C.T.; Seidell, “‘ Solubilities ’’; and Landolt-Bérnstein, ‘“‘ Tabellen.’’) 


Col. ii: rate of flow, c.c./min. Col. iii: absorption coefficient x 10%. Col. iv: recorded absorption 
coefficient. Col. v: Deviation, %. Col. vi: method of preparation and purification. 


n. * iii. iv. v. vi. 


i. 
Gas. 
CH, 


2- 27-9 30-1 (1) CH,I and Zn-—Cu couple; washed with alcohol 
2- 27°8 and water. (2) CH,;-MgI and H,O; washed as 
2- 27-9 in (1) 
1- 27:8 
1- 27-9 

15to25 39-1 41-0 C,H,*MgI and H,O; washed as for methane 

1-5 to 2-5 28-0 28-3—28-9 (1) KMnO, and H,O,; washed with water 

(2) Action of heat on KMnO, 
15to2-5 14:05 14-3—15-0 NaNO, and NH,Cl; washed with K,Cr,O, and 


‘ water 
1-5 to 2-5 104-4 108 EtOH and H,PO, at 220°; washed with H,SO, 
and KOH 





[1948] The Chemistry of Ribose and its Derivatives, Part I. 2035 


present method are consistently lower than those got by the Ostwald technique by a few units %. 
Examination of the literature shows, however, that deviations of this magnitude are not unusual 
in gas-solubility measurements. It may also be pointed out that the recorded values for the 
gases used are drawn from relatively old work, and it is suggested that the values obtained 
by the method described are more reliable because of the absence of any possibility of super- 
saturation, and possibly because no correction is necessary for change in volume of the solvent. 
The absence of any type of flexible connection and of stop-cocks in contact with the gas may 
also contribute to increased reliability. Although these difficulties are realised and overcome 
in modern applications of the Ostwald technique, yet they may have contributed to somewhat 
inaccurate results in older investigations. The difficulties experienced in the Ostwald method 
in bringing gas and solvent into contact without an initial loss due to solution in the upper 
layer of solvent are also absent. An objection raised by Horiuti (Sci. Papers Inst. Phys. Chem. 
Res. Tokio, 1931—32, 17, No. 341, 168) to the “‘ wet” method (i.e., any method in which the 
gas is kept saturated with solvent vapour), viz., the possibility of a change in composition when 
wet gas is transferred from the gas burette to the gas pipette at a different temperature, does 
not apply in the method described. 

Since the method requires the same type of readings as the normal Ostwald method— 
measurement of a gas volume and of a solvent volume—the accuracy is at least equal to the 
older method, but confidence in the reliability of the results increases with the number of 
measurements taken and increasing length of run. We find that results are reproducible 
within limits of 0°5% and possibly less. The method is therefore presented as an alternative 
to the Ostwald method, giving at least equal accuracy and requiring rather simpler apparatus. 


The thanks of one of us (F. B.) are due to the Hallett Trustees for the award of a Scholarship. 
BRIGHTON TECHNICAL COLLEGE. (Received, February 10th, 1948.] 





414. The Chemistry of Ribose and its Derivatives. Part I. Methyl- 
D-ribofuranoside and the Characterisation of Trimethyl p-Ribofuranose. 


By G. R. BARKER. 


Methyl-p-ribofuranoside has been prepared and its structure confirmed by (a) oxidation 
with sodium metaperiodate and (b) methylation and characterisation of trimethyl D-ribofuranose, 
which yielded the following crystalline compounds: 2:3: 5-trimethyl v-ribose anilide, 
3: 5-dimethyl D-ribose phenylosazone, 2:3: 5-trimethyl p-ribonolactone, and 2:3: 5-trimethyl 
D-rvibonophenylhydrazide. e natural occurrence of ethyl-D-riboside is discussed. 


In connection with work on ribonucleic acids, the carbohydrate radicals of which have been 
shown to be of the furanose configuration (Lythgoe and Todd, J., 1944, 592, and references 
therein), it became necessary to explore methods by which furanose derivatives of ribose could 
readily be obtained and characterised. Of the various routes which have been used for the 
synthesis of such compounds the most favourable appears to be that of Levene and Stiller 
(J. Biol. Chem., 1933, 102, 187) who prepared 5-methyl p-ribofuranose and -2 : 3 : 5-trimethyl 
p-ribofuranose from 2: 3-isopropylidene p-ribofuranose. However, even this method of 
approach is susceptible of application only to a limited range of compounds. The present paper 
describes the preparation of methyl-p-ribofuranoside, a more generally suitable starting material 
for syntheses in this field. 

Levene and Tipson (ibid., 1931, 92, 109) found that p-ribose in methyl alcohol containing 
1% of hydrogen chloride exhibited a maximum positive rotation after 14 minutes, and Levene, 
Raymond, and Dillon (ibid., 1932, 95, 699) observed that, under these conditions after one 
hour, the mixture of glycosides produced contained a small quantity of pyranoside in addition 
to the furnanoside. In neither of these two series of experiments, however, was an attempt 
recorded to isolate any product of the condensation. In the present investigations, p-ribose 
was condensed with methyl alcohol in presence of 1% of hydrogen chloride and the reducing 
power of the solution was measured by Somogyi’s method (ibid., 1926, 70, 599) at various 
intervals of time. After 50 minutes the solution was non-reducing, and the product of the 
condensation was isolated and distilled under reduced pressure. The furanoside nature of the 
distillate was suggested by its rapid hydrolysis by dilute mineral acid at 100° and was confirmed 
by oxidation of the syrup with sodium metaperiodate which produced no formic acid, showing 

6Q 
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the presence in the molecule of only two adjacent hydroxyl groups. The identity and homogeneity 
of the glycoside was established beyond doubt by subjecting it to the following reactions. 

Repeated methylation with methyl sulphate yielded 2:3: 5-trimethyl methyl-p- 
ribofuranoside from which trimethyl p-ribofuranose was obtained by hydrolysis with dilute 
aqueous mineral acid. The properties of these two syrupy compounds approximated closely 
to those reported for them by Levene and Stiller (loc. cit.) and it was now found possible to 
characterise the trimethyl p-ribofuranose as its crystalline anilide and also to prepare from it 
3: 5-dimethyl p-ribose phenylosazone. Proof of the structure of the trimethyl p-ribofuranose 
was obtained by oxidation to crystalline 2 : 3 : 5-trimethyl p-ribonolactone which gave crystalline 
2:3: 5-trimethyl p-ribonophenylhydrazide. Measurement of the rate of hydrolysis of the lactone 
in aqueous solution indicated that it was a furanolactone, and hence the trimethyl ribose and 
the methylriboside must also have possessed the furanose configuration. The crystalline 
lactone had a higher negative rotation than the compound previously claimed to be 
2:3: 5-trimethyl p-ribonolactone (Levene and Tipson, J. Biol. Chem., 1931—32, 94, 809; 
Levene and Stiller, Joc. cit.) but which was neither crystallised nor characterised. 

The very rapid formation of the ribofuranoside is of interest in connection with the natural 
occurrence of the sugar. The only well-authenticated natural derivatives of this sugar are the 
glycosides of nitrogenous bases concerned in the ribonucleic acids and allied compounds. 
However, the presence in certain animal tissues of an ethylriboside has been reported (Winter, 
Biochem. J., 1927, 21, 467). Winter considered that the ethylriboside may have arisen during 
the process of extraction from the tissues, but dismissed this possibility on account of the 
failure of arabinose to yield a glycoside under the conditions employed in the isolation of the 
alkylriboside. This analogy, however, is not justified since, under similar treatment to that 
described for ribose in the experimental section, condensation of arabinose takes place much 
more slowly (Montgomery and Hudson, J. Amer. Chem. Soc., 1937, 59, 992). The question of 
the natural occurrence of an ethylriboside, therefore, would need further consideration before 
it could be regarded as fully established. 


EXPERIMENTAL. 


Methyl-p-ribofuranoside.—D-Ribose (30 g.), prepared from guanosine following the method of 
Bredereck, Kéthnig, and Berger (Ber., 1940, 78, 956) and dried in a vacuum over phosphoric oxide 
at 50°, was dissolved in absolute methyl alcohol (750 c.c.) containing 1% of hydrogen chloride. Samples 
(0-2 c.c.) were withdrawn and, after neutralisation, analysed by Somogyi’s method (loc. cit.). After 
15 and 30 minutes 82-1% and 94-5%, respectively, of the reducing power of the solution had been lost, 
and after 50 minutes the solution was non-reducing. It was immediately ground in a mortar with excess 
of silver oxide, and after standing for 2-5 hours, the silver salts were removed by filtration through 
charcoal. Distillation below 30° of the solvent gave methyl-p-ribofuranoside, as a very hygroscopic 
syrup, b. p. 150° (bath temp.) /0-01 mm., }5° 1-4880, a}® + 13-1° (in methyl alcohol; c, 1-903) (Found : 
C, 43-6; H, 7-3; OMe, 18-3. C,H,,0, requiresC, 43-9; H, 7-3; OMe, 18-9%). Thissubstance consumed 
1-02 mols. of sodium metaperiodate, no formic acid being detected by titration of an aliquot with 
n/100-sodium hydroxide. 

A solution of the substance (0-1903 g.) in n/100-hydrochloric acid (10 c.c.) was heated at 100°, and 
samples were withdrawn, neutralised with dilute aqueous sodium hydroxide, and analysed by Somogyi’s 
method (loc. cit.). After 5 minutes 41:3% of the glycoside had been hydrolysed; after 20 minutes, 
hydrolysis was complete. 

Trimethyl Methyl-p-ribofuranoside.—Methyl-p-ribofuranoside (18 g.) was dissolved in aqueous 
sodium hydroxide (240 c.c.; 40%) and methylated twice with methyl sulphate (124-5 g.) at 60° during 
5 hours. The reaction mixture was heated at 100° for 10 minutes, and after cooling to 0°, sodium 
sulphate was removed by filtration and the filtrate was extracted four times with chloroform. The 
combined extracts were dried (MgSO,) and distillation of the solvent yielded trimethyl methyl-p- 
ribofuranoside, b. p. 133° (bath temp.)/15 mm., }§* 1-4350, al’ + 59-1° din methyl alcohol; c, 4-784) 
(Found: C, 52-3; H, 8-3; OMe, 59-7. Calc. for C,H,,0,: C, 52-4; H, 8-73; OMe, 60-2%). 

2:3: 5-Trimethyl D-Ribose.—A solution of trimethyl methyl-p-ribofuranoside (2 g.) in n/25-hydro- 
chloric acid (25 c.c.) was boiled under reflux for 1 hour and cooled, and chloride ions were removed by 
addition of silver ‘carbonate and filtration. Concentration of the solution under reduced pressure 
yielded syrupy 2: 3 : 5-trimethy] p-ribose, b. p. 97° (bath temp.) /0-01 mm., 30° 1-4523, a? + 41-4° (in 
methyl alcohol; c, 1-112) (Found: C, 50-2; H, 8-4; OMe, 49-8. Calc. for C,H,,0,: C, 50-0; H, 8-34; 
OMe, 48-4%). 

2:3:5-Trimethyl p-Ribose Anilide.—2: 3: 5-Trimethyl p-ribose (0-13 g.) was heated with aniline 
(0-99 mol.) in absolute alcohol (5 c.c.) for 4 hours. Removal of the solvent in a vacuum desiccator 
gave the anilide, which crystallised on trituration with ether-light petroleum and separated from light 
petroleum containing a little ether in large rectangular plates and prisms, m. p. 56-5° (Found: C, 63-4; 
H, 7:8; N, 5:1; OMe, 35-2. C,,H,,0O,N requires C, 62-9; H, 7-9; N, 5:2; OMe, 35-0%). 

3 : 5-Dimethyl D-Ribose Phenylosazone.—2 : 3 : 5-Trimethyl p-ribose (0-1 g.) was heated at 100° with 
phenylhydrazine (4 mols.) in dilute acetic acid (5 c.c.) for 4-5 hours. After being cooled to 0°, the 
crystals were collected and crystallised twice from aqueous alcohol. The phenylosazone separated in 
small yellow needles, m. p. 161° (Found: C, 63-6; H, 7-5; N, 15-3; OMe, 16-3. C,,H,,O,N, requires 
C, 64-0; H, 6-7; N, 15-7; OMe, 17-3%). 
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2:3: 5-Trimethyl p-Ribonolactone.—Trimethyl methyl-p-ribofuranoside (2 g.) was heated at 100° 
with n/25-hydrobromic acid (25 c.c.) for 1 hour and then allowed to react with bromine (2-5 g.) at 
30° for 4 days. The solution, which was then non-reducing, was freed from bromine by aeration, from 
bromide ions by addition of silver carbonate and filtration, and from silver ions by passage of hydrogen 
sulphide followed by filtration. Concentration of the filtrate under reduced pressure gave 2: 3 : 5-iri- 
methyl D-ribonolactone, b. p. 120° (bath temp.) /0-01 mm., nff* 1-4508, which on cooling to 0°, crystallised 
in needles, m. p. 18-5—19° (Found: C, 50-2; H, 7-9; OMe, 47-7. C,H,,0, requires C, 50-5; H, 7:4; 
OMe, 49:0%). The material showed the following rotations in water (c, 4-702): af’° —20-2° (initial), 
—18-1° (46 hours), —14-5° (93 hours), —10-6° (141 hours). Levene and Tipson (loc. cit.) give aff” —18-9° 
(in water, initial value) for syrupy 2 : 3 : 5-trimethyl p-ribonolactone. 

2:3:5-Trimethyl pv-Ribonophenylhydrazide.—2 :3:5-Trimethyl pD-ribonolactone (0-05 g.) was 
heated at 100° with phenylhydrazine (1 mol.) in absolute ethyl alcohol (2 c.c.) for 4 hours. The solvent 
was allowed to evaporate and the residual 2 : 3 : 5-trimethyl D-ribonophenylhydrazide then crystallised 
on being rubbed with dry ether. It separated from ethyl acetate-light petroleum in needles, m. p. 
108-5—109-5° (Found: C, 55-8; H, 7-6; N, 9-1. C,,H,,0O,;N, requires C, 56-4; H, 7-4; N, 9-4%). 


The author wishes to record his indebtedness to the late Professor J. Masson Gulland, F.R.S., and 
Professor E. L. Hirst, F.R.S., for their interest in this work. 


THE UNIVERSITY OF MANCHESTER. (Received, February 13th, 1948.]} 





415. A Synthesis of 3-Acyl- and 3-Aroyl-mesobenzanthrones.* 
By F. Irvine and A. W. Jounson. 


3-Acyl- and 3-aroyl-mesobenzanthrones have been prepared by the reaction of af-ethynyl 
ketones and methyleneanthrone. 


3-BENZOYLmesoBENZANTHRONE is an important dye intermediate, for on cyclisation by 
heating with aluminium chloride-sodium chloride in the presence of oxygen it yields 
1: 2:6: 7-dibenzpyrene-3 : 8-quinone (Indanthrene Golden Yellow GK; I). It is therefore 
of interest that a simple method has been found for the preparation of 3-aroylmesobenzanthrones: 
which are potential sources of dibenzpyrenequinones substituted in one of the terminal rings. 
The Diels—~Alder reaction of methyleneanthrone and af-ethynyl ketones proceeds readily in 


acetic acid solution on warming to give 3-acyl- and 3-aroyl-mesobenzanthrones in 50—70% 
yields, the addition being accompanied by oxidation : 


Vi 


+ HCICCOR —“> 4 
Y \ Y \ 
Oo () 3) 


R = Me, Ph, o-Cl-C,H,, p-Cl-C,H,, m-MeO-C,H,, p-MeO-C,H,, a-C,oH,. 


( 


The af-ethyny] ketones required for the Diels—Alder reactions were prepared by chromic acid 
oxidation of the corresponding carbinols (Bowden, Heilbron, Jones, and Weedon, J., 1946, 39; 
Bowden and Jones, ibid., p. 52). The condensation of methyleneanthrone with 6-chloropropio- 
phenone (which readily loses hydrogen chloride to give phenyl vinyl ketone) in nitrobenzene 
solution to give 3-benzoylmesobenzanthrone has been described by Allen, Bell, Bell, and 
van Allan (J. Amer. Chem. Soc., 1940, 62, 656) although extensions of this method would be 
restricted by the limited availability of the starting materials. 


EXPERIMENTAL. 


Preparation of Intermediates.—p-Methoxyphenylethynylcarbinol. Purified acetylene was rapidly 
passed into liquid ammonia (1,000 c.c.) with stirring and cooling, and sodium (23 g.) added in small 
pieces in such a manner that the blue colour never persisted for more than a few moments. A solution 
of p-methoxybenzaldehyde (redistilled : 136 g.) in ether (100 c.c.) was then added during 1} hours and 
the mixture stirred and cooled for a further 3 hours with continued introduction of acetylene. The 
ammonia was allowed to evaporate overnight, and dilute sulphuric acid (ice) was added to the residue. 
The product was extracted with ether (3 x 300 c.c.) and the ethereal extracts washed with sodium 
hydrogen carbonate solution and dried. After removal of the solvent the residue was distilled to yield 
p-methoxyphenylethynylcarbinol (71 g.) as a pale yellow oil, b. p. 146—149°/15 mm. (Found: C, 73-7; 
. 6-05. CHO, requires C, 74:05; H, 6-2%). The product readily formed a white insoluble silver 

erivative. 


* Patent application pending. 
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Since the above work was carried out, Rutan and May (J. Amer. Chem. Soc., 1947, 69, 2017) have 
described p-methoxyphenylethynylcarbinol as a crystalline solid, m. p. 172—173°. This may be a 
misprint (phenylethynylcarbinol has m. p. 22°). The sample obtained in the above cee, was 
oxidised directly to the corresponding ketone and no special effort was made to crystallise it. 

p-Methoxyphenyl ethynyl ketone. To a stirred solution of p-methoxyphenylethynylcarbinol (15-6 g.) 
in acetone (25 c.c.), a solution of chromium trioxide (8-0 g.) in water (30 c.c.) and concentrated sulphuric 
acid (7 c.c.) was slowly added. The operation, carried out at 5—10° in nitrogen, lasted 1} hours. After 
being stirred for a further 30 minutes, the mixture was diluted with water and the product extracted with 
ether. Evaporation of the ethereal solution gave a yellow solid which was crystallised from aqueous 
methanol and then petroleum (b. p. 60—80°) to give p-methoxyphenyl ethynyl ketone (9-1 g.) as pale 
yellow needles, m. p. 82—83° (Found: C, 74:7; H, 4-7. C,gH,O, requires C, 75-0; H, 50%). The 
ketone readily formed a white insoluble silver derivative and a brick-red insoluble copper derivative. 

a-Naphthyl ethynyl ketone. a-Naphthylethynylcarbinol was prepared’ from a-naphthaldehyde 
(35-6 g.; Badger, J., 1941, 536) by the method described above for p-methoxyphenylethynylcarbinol. 
The crude product (34 g.) was not purified but dissolved in acetone (50 c.c.) and oxidised with a solution 
of chromium trioxide (18 g.) in water (56 c.c.) and concentrated sulphuric acid (15 c.c.) as described for 
the preparation of p-methoxyphenyl ethynyl ketone. The crude ketone (24 g.) was crystallised from 
petroleum (b. p. 60—80°) to yield a-naphthyl “ee ketone as pale yellow plates, m. p. 70—71° (Found : 
C, 86-25; H, 4-7. C,,H,O requires C, 86-65; H, 4-45%). 

Preparation of 3-Acyl- and 3-Aroyl-mesobenzanthrones.—3-Benzoylmesobenzanthrone. Methylene- 
anthrone (1-3 g.; Clar, Ber., 1936, 69, 1686) and phenyl ethynyl ketone (1 g.; Bowden, Heilbron, Jones, 
and Weedon, /., 1946, 39) were dissolved in acetic acid (6 c.c.) and heated under reflux for } hour. The 
solution at first became dark brown and then lightened until it was finally golden yellow. 3-Benzoyl- 
mesobenzanthrone (1-2 g.), m. p. 186—188°, was deposited on cooling and was crystallised from acetic 
acid, being obtained as bright yellow prisms, m. p. 193—194° (Allen, Bell, Bell, and van Allan, loc. cit., 
give 192°). 

3-Acetylmesobenzanthrone. Prepared similarly from methyleneanthrone (5 g.) and methyl ethynyl 
ketone (1-75 g.; Bowden, Heilbron, Jones, and Weedon, Joc. cit.) in acetic acid (25 c.c.), 3-acetylmeso- 
benzanthrone (3-0 g.) formed bright yellow platelets, m. p. 173—175°, from aqueous acetic acid (1.G. 
Farben., B.P. 440,263, give m. p. 174—175°). 

3-p-Methoxybenzoylmesobenzanthrone. Prepared similarly from methyleneanthrone (3-9 g.) and 
p-methoxyphenyl ethynyl ketone (3-07 g.) in acetic acid (24 c.c.), 3-p-methoxybenzoylmesobenzanthrone 
(2-9 g.) formed ee" = m. p. 194—195°, from acetic acid (Found: C, 82-0; H, 4-6. C,;H,,0, 
—— C, 82-4; H, 44%). 

3-m-Methoxybenzoylmesobenzanthrone. Prepared similarly from methyleneanthrone (11-1 g.) and 
m-methoxypheny] ethynyl ketone (8-85 g.; Johnson and Melhuish, J., 1947, 346) in acetic acid (70 c.c.). 
3-m-Methoxybenzoylmesobenzanthrone after crystallisation from acetic acid formed bright yellow prisms 
(8-85 g.), m. p. 192—193° (Found: C, 82-8; H, 4-7%). 

3-0- Chlorobenzoylmesobenzanthrone. Methyleneanthrone (62-5 g.) and o-chlorophenyl ethynyl ketone 
(50 g., Johnson, J., 1947, 1626) in acetic acid (750 c.c.) were heated on the steam-bath for 14 hours. 
The solution at first became dark and then lightened as the dehydrogenation occurred. 3-0-Chloro- 
benzoylmesobenzanthrone (49 g.) separated from the solution on cooling and a further quantity (13 g.) 
was obtained by cautious dilution of the mother liquors. Crystallisation from acetic acid gave the 
product as yellow prisms, m. p. 206—207° (Found: C, 78-25; H, 3-75. C,,H,,0,Cl requires C, 78-2; 
H, 3-5%). 

3-a-Naphthoylmesobenzanthrone. Prepared similarly from methyleneanthrone (9-1 g.) and a-naphthyl 
ethynyl ketone (8 g.) in acetic acid (60 c.c.), the product (7-6 g.) was separated and crystallised from 
chlorobenzene to yield 3-a-naphthoylmesobenzanthrone as dark yellow prisms, m. p. 254—255° (I.G. 
Farben., D.R.-P. 446,187, give m. p. 244—245°) (Found: C, 87-0; H, 4-15. Calc. for C,,H,,0,: C, 
87-5; H, 4-2%). The product dissolved in concentrated sulphuric acid to a cherry-red solution. 


IMPERIAL CHEMICAL INDUSTRIES LTD., RESEARCH LABORATORIES, 
HeExaGon House, BLAcKLEY, MANCHESTER, 9. (Received, February 16th, 1948.] 





416. Mechanism of Elimination Reactions. Part VI. Introduction to a 
Group of Papers. Unimolecular Olefin Formation from tert.-Butyl- 
and tert.-Amyl-sulphonium Salts. 


By K. A. Cooper, E. D. Hucues, C. K. Incotp, and B. J. MacNutty. 


The plan on which the present papers are arranged is explained. ~Part VI is concerned with 
an extension of the range of examples over which the unimolecular mechanism E1 of elimination 
is kinetically demonstrated. Parts VII and VIII extend the study, initiated in Part V (1940), 
of environmental factors on the bimolecular and unimolecular mechanisms of elimination, 
E2and El. Parts IX—XVI deal with constitutional factors, a general discussion of which is 
given in Part XVI. 

The mechanisms El and Syl have a common slow stage in which a carbonium ion R is 
formed. It follows that the proportion in which compounds of a series RX, with constant R 
and variable X, should suffer substitution and elimination by these mechanisms under similar 
external conditions, should in first approximation be independent of X. In extension of 
previous work (Parts II—IV), this is verified for R = #ert.-butyl and for R = #ert.-amyl, in 
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each case over the range X = Cl, Br, I, SMe,. In the series R = #ert.-amyl two simultaneous 
reactions E1 occur, producing isomeric olefins. Their proportions should in first approximation 


be independent of X, and this is confirmed for X = Br, SMe,. 


INTRODUCTION TO A GROUP OF PAPERS. 


WE here indicate the arrangement of the papers of the present running group, and the directions 
in which they carry forward the various aspects of the general theme with which the series deals. 
The first three of these papers constitute additions to branches of the subject that have been 
treated at some length previously. All the rest belong closely together, and are concerned with 
the development of an aspect which has hitherto been treated only very incompletely. A short 
preliminary account of the work was given some years ago (Trans. Faraday Soc., 1941, 37, 657). 

The bimolecular mechanism of elimination (E2) was first established as a general mechanism 
by Hanhart and Ingold in 1927. It was subsequently given a certain amount of kinetic 


foundation, and this the present group of papers considerably extends. We write the 
mechanism thus, 


y+ H4cRYcr,CK > YH + CR, =CR,4K 2... EY 


introducing the arrows to show the direction of the electron-transfers, but omitting charge-labels 
in order to imply inclusion of the various possibilities. 


The existence of the unimolecular mechanism of elimination (E1) was first pointed out by 
Hughes in 1935. It is formulated thus, 


CHR, CR, —> CHR,CR, + X 


Y+ n-<rer, —> YH + CR,=CR, 


Once again the charges on X and Y are not indicated as there are various possibilities. 

The establishment of this mechanism (£1) by kinetic methods was the first task to be taken 
up when the present series of papers was commenced in 1937. Parts I—IV were concerned with 
this matter, and the present paper, Part VI, provides an addition to that phase of the general 
inquiry. We here extend to the reactions of sulphonium salts the use of a method, which in the 
earlier contributions was applied only to alkyl halides, for confirming the unimolecular 
mechanism of elimination by the study of product-compositions in kinetically controlled 
conditions. The generality of the unimolecular mechanism of elimination is kinetically 
demonstrated over a large range of examples in the other papers of the present group. 

Part V of the series, published in 1940, was concerned with various factors which control the 
facility and relative importance of the bimolecular and unimolecular mechanisms of elimination. 
It dealt chiefly with what were called environmental factors—reagent, concentration, solvent, 
and temperature. The next two papers of the present group, Parts VII and VIII of the 
series, continue this study, inasmuch as they add something to our knowledge of solvent and 
temperature effects on the two elimination mechanisms. 

Our main effort in recent years has, however, been devoted to another branch of the subject, 
viz., the study of constitutional influences, which, as a matter of fact, was just introduced in 
Part V. All the remaining papers of the present group develop this theme. Parts IX—XV 
record various experimental contributions. The main results are brought together, and their 
theoretical interpretation is considered in Part XVI (this vol., p. 2093). 


UNIMOLECULAR OLEFIN FORMATION FROM fert.-BUTYL- AND 
tert.-AMYL-SULPHONIUM SALTS. 


In Part II (J., 1937, 1277) a test of the unimolecular mechanism of elimination, E1, was 
developed on a basis of comparisor with the unimolecular mechanism of substitution, Sy] : 


cur,cr, ok —> CHR,CR, + X sinie 
. . a . . . . uw 


CHR,¢R, + ¥ > CHR, CR,Y 


The two mechanisms, F1 and Syl, are seen to have a common slow stage. The rapid stages of 
the two mechanisms differ, but both are reactions of the carbonium ion, from which the group X 
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has been removed. Therefore if we operate with a series of compounds RX’, RX”,..., 
containing the same R but a variable X, the specific rate of the total unimolecular reaction 


Rneterolysis = 2y = Ray, + Rey 


might vary quite largely, but the proportion, k,,/k,, in which the carbonium ion will decompose 
in a particular direction should be independent of the nature of X. This is a simplifying over- 
statement: for stereochemical studies on unimolecular substitution have shown (Cowdrey, 
Hughes, Ingold, Masterman, and Scott, J., 1937, 1257) that, although X must have passed 


+ 
beyond the separation corresponding to the transition state of heterolysis when the fate of R is 
determined, it may not be actually very far away, and therefore could have some influence on the 


relative rates of the alternative decompositions of R. However, this effect would be expected 
to lead to only minor variations in the ratio k,,/k,, and should certainly not change its order of 
magnitude; whereas a suitable variation of X might change even the orders of magnitude of the 
individual rates k,, gyi, and ky. 

The original application of this test, possibly not a very critical one, was to 2-n-octyl chloride 
and bromide, which undergo unimolecular solvolysis in ‘‘ 60% ”’ aqueous alcohol, giving in part 
the substitution products, 2-n-octyl alcohol and ethyl 2-n-octyl ether, and in part the elimination 
product, octylene. The specific rates of the total solvolytic processes differ by a factor of about 
30, but the proportions in which octylene is formed from these two compounds, under the same 
conditions of solvent and temperature, are the same to within a factor of 1:1. The specific 
rates of solvolysis were interpreted as the heterolytic rates, #,, and the olefin proportion as the 
partition ratio, kz,/k,, for the decomposition of the separated carbonium ion. 

In Part III (J., 1937, 1280) the same test was applied to the unimolecular solvolysis of the 
tert.-butyl halides. In dilute alkaline, neutral and acidic, ‘‘ 80% ”’ aqueous alcohol, #ert.-butyl 
chloride, bromide, and iodide undergo first order reactions, which are in part substitution and in 
part elimination : 

(CH,),;C-OH and (CH,),C‘OEt . . . . . . (Syl) 
i. « « 5 6% & % « « « «ae 


For this range of substances (X = Cl, Br, I) the specific rates of solvolysis differ by more than 
100-fold, but the proportion of olefin remains the same to within a factor of 1°3. 
In the same media, dimethyl-tert.-butylsulphonium salts also undergo first order solvolytic 


+ 
reactions, which are in part substitution and in part elimination (above formule with X = SMe,). 
A direct comparison of the solvolysis rates and product compositions for the reactions of 
tert.-butyl chloride and dimethyl-tert.-butylsulphonium chloride under identical conditions has 
now beeh carried out. The former series RX (with R = Bu’) has thus been extended to include 


the sulphonium ion (X = SMe,, Cl, Br, I), with the result that the rates at a common temperature 
now vary over a range of 1000-fold, whilst the olefin proportions still remain the same to within 
a factor of 1°3. 

In Part IV (J., 1937, 283) the same method was applied to ¢ert.-amyl chloride, bromide, and 
iodide. In dilute alkaline, neutral, and acidic ‘‘ 80% ” aqueous alcohol, these halides also 
undergo a first order solvolysis, which is in part a substitution and in part an elimination : 


a. CH,’CH,-C(CH,),"OH and CH,CH,C(CH,),,OEt . . . (Syl) 
CH,’ CH,’CH,°C(CH,):CH, and (CH,),CICH‘CH, .. . . (El) 


Here again the solvolysis rates are changed by large factors, whilst the proportions of (total) 
olefin remain nearly constant. 


For the samte media, an analogous first-order solvolysis is undergone by dimethyl-ert.- 


amylsulphonium chloride (above formule with X = SMe,). Accordingly, a comparison has 
been made of the total solvolysis rates, and of the proportions of total olefin, for the reactions of 
tert.-amy] chloride and dimethy]-tert.-amylsulphonium chloride under identical conditions. Thus 
the previous series RX (with R = ¢ert.-amyl) has been extended to include the sulphonium ion 


(CH,),CX —> { 


CX —> 


+ 
(X = SMe,, Cl, Br, I), with the result that the rates at a common temperature vary in the 
extended series over a range of about 500-fold, whilst the olefin proportions remain the same to 
within a factor of 1°5. 

All the above results are included in Table I. They are interpreted as meaning that the 
solvolytic formation of olefin from the dimethy]l-tert.-butyl- and -éert.-amylsulphonium ion under 
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the conditions mentioned proceeds by the unimolecular elimination mechanism E1, just as it 
does in the analogous reactions of the ¢ert.-butyl and ¢ert.-amyl halides. 
TABLE I. 


Effect of variation of x on the vate-constant k, (sec.-!) and on the rate-vatio ky,/k, im unimolecular 
decomposition of RX. 





Solvent.* Temp. R. . 105k. " Ref. 





60% EtOH | 100-0° | 2-n-Octyl as Part II 





0-854 ; 
80% EtOH 25-0 tert.-Butyl 37:2 ; Part III 
90°1 


89-7 
11-8 
1-50 
tert.-Amyl 58-3 ° Part IV 
174 
28-5 


50-0 nm This paper 
6-66 


*% EtOH ” means a mixture made from # vols. of ethyl alcohol and (100 — *) vols. of water. 





This paper 





























In the case of the #ert.-amyl compounds another test of mechanism, similar in general 
principle to that just described, can be based on the fact that the amylenes produced are 
mixtures of isomerides. For if they arise by decomposition of a separated carbonium ion, then 
the proportions in which the isomerides are formed should be nearly independent of the molecule 
from which the carbonium ion is derived. The necessary comparison of the compositions of the 
olefin mixtures has been made for those olefins which are formed by unimolecular solvolysis of 
tervt.-amyl bromide and dimethyl-tert.-amylsulphonium iodide in anhydrous, or nearly anhydrous 
ethyl alcohol. The determinations were made in connexion with other work, and experimental 
details will be found in Parts XI and XIV; but those results which are relevant to the present 
question are cited in Table II. The olefin compositions differ by little more than the 


experimental error, and their similarity confirms the unimolecular nature of the reactions in 
which the olefins are formed. 


TaBLeE II. 
Effect of variation of X on the composition of olefin mixtures formed by the decomposition of RX. 





Solvent. Temp. R. X. Me,C:CHMe, %. | MeEtC:CH,, %. 
100% EtOH tert.-Amyl Br 82 18 
97% EtOH SMe, 87 13 

















EXPERIMENTAL. 


Materials.—Dimethyl-tert.-butylsulphonium iodide was prepared as described by Hughes and Ingold 
(J., 1933, 1571). Dimethyl-tert.-amylsulphonium iodide was prepared by allowing freshly decolorised 
and distilled tert. -amyl iodide to combine with dimethyl sulphide in concentrated solution in nitromethane 
at room temperature. It was crystallised from ethyl alcohol (Found : C, 32-0; H, 6-7; I, 48-8. Calc. : 
C, 32-3; H, 6-5; I, 48-8%). The iodides in aqueous solution were converted into hydroxides by means 
of silver oxide, and from the hydroxides the chlorides were prepared by neutralisation with hydrochloric 
acid. The alcohol—water solvents were made up by volume ref Table I, footnote). 

Method of Kinetic Measurements.—In all cases the runs were followed by enclosing samples of the 
original solution at 0° in sealed bulbs, which, after suitable intervals of heating in the thermostat, were 
quickly cooled with ice—water, and either broken under ice—-water when it was intended to estimate the 
total decomposition, or broken under ice-cold carbon tetrachloride when the purpose was to estimate the 
olefin. Total decomposition was estimated by titrating the liberated acid with standard alkali using 
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phenolphthaleinasindicator. The olefin was estimated bromometrically as described below. In order to 
eliminate errors due to the formation of acid and of olefin before the sealed-up mixtures had reached the 
temperature of the thermostat, pairs of tubes were shaken for two minutes in the thermostat and then 
used immediately for “initial” estimations of the acid and olefin. The samples used for other 
estimations were similarly shaken in the thermostat for two minutes, the end of which period was taken 
as the time-zero. 

Methods for Olefin Estimations.—The general methods, with the modifications needed for particular 
cases, have been described several times before, the most recent account being contained in Part V 
(J., 1940, 901). We used the extraction technique, but, in the case of the sulphonium salts, we had to 
introduce a modification in order to eliminate interference from the produced sulphides. The 
modification consisted of washing the carbon tetrachloride solution (150 c.c.) twice with ice-cold 
saturated aqueous mercuric chloride (50 c.c.). This removed the sulphides sufficiently well, and caused 
no detectable loss of amylenes, as was shown by blank experiments. It did produce appreciable losses of 
butylene, but these were small and regular enough to be compensated by using blank experiments for 
standardisation, as described before (loc. cit.) As Hughes and MacNulty showed (J., 1937, 1283), 
olefin which is produced in a solution which is also developing acid, tends in due course to disappear 
owing to hydration; and thus the apparent proportion in which the total reaction leads to olefin at 
first remains substantially constant and then begins to decrease. Thus the olefin present at a late stage 
of a run is not a suitable measure of what has been produced; and, on the other hand, measurements of 
olefin made early in a run are rendered inaccurate by the smallness of the quantity of olefin. The usual 
procedure was therefore first to carry out a run in which both the acid and the olefin were estimated 
throughout its course, and then, having from these results selected the range of times most favourable 
for accurate olefin measurements, to carry out a second run in which most of the tubes employed for 
olefin estimations were taken out of the thermostat at just one or two times within the favourable period. 

Results of Measurements.—The principal results are summarised in Table I. Details of some 
illustrative runs are given in Table III. 


TABLE III. 


Illustrating determinations of first-order vate-constants and the proportions of olefin formed in the 
solvolysis of alkyl halides and sulphonium salts. 


(1) Dimethyl-tert.-butylsulphonium Chloride.—Solvent: ‘‘ 80%” ethyl alcohol. Temperature 65-3°. 
(a) (SMe,ButCl] initially 0-0640m. Solution initially neutral. In this run the first-order development 
of acid only was followed, leading to 105k, = 11-8 sec.-!. (6) [SMe,ButCl] initially 0-0643m. Solution 
initially neutral. Olefin x expressed in c.c. of 0-0675N-thiosulphate per 20 c.c. sample. Comparison is 
made with the total reaction as calculated for the different times ¢ from the above rate-constant : 


# (min.) (corr.) ° 20-0 30-0 40-0 50-0 75-0 
% (c.c.) (uncorr.) 4-83 5-74 6-46 6-99 
% (c.c.) (corr.) . 2-82 3-73 4-45 4-98 
Yield % olefin (corr.) ° 7-4 9-8 11-65 13-05 
Total reaction % 5 ° 19-2 24-6 34-6 41-2 
Proportion of olefin % 38-5 39-8 33-7 31-7 


(2) tert.-Butyl Chloride.—Solvent: ‘‘80%” ethyl alcohol. Temperature 65-3°. [ButCl] initially 
0-182m. Solution initially neutral. Olefin x expressed in c.c. of 0-0682N-thiosulphate, and acidity y in 
c.c. of 0-0771N-alkali, each for a 20 c.c. sample : 


t (min.) (COFT.) ....sccsesseeeseeees 00 200 300 40:0 500 60:0 70-0 934-0 
% (C.C.) (UNCOFT.) ....cecceseeeeeeee 160 28:04 3204 34:59 35-60 36-28 35-55 7-56 
y (C.C.) (UNCOFT.) ...eessesseeseees 164 31:89 37:91 — 45:03 45:95 46-44 47-17 
Proportion of olefin % 38:5 37-6 — 346 346 336 7-0 


The figures show that hydration of the isobutylene becomes appreciable after the first hour. 

(3) Dimethyl-tert.-amylsulphonium Chloride.—Solvent : ‘‘ 80%” ethyl alcohol. Temperature 49-9°. 
([SMe,Am(*C]] * initially 0-04608m. Solution initially neutral. Olefin, and the bromine by absorption of 
which it is measured, are reckoned in c.c. of 0-0492N-thiosulphate, and acidity y is given in c.c. of 
0-0406N-alkali, each for a 10 c.c. sample. 


# (min.) (COrT.)....s..ssecceeeseeees 20 45 75 110 150 200 270 380 
y (corr.) ; 1:80 2-95 400 520 630 7:50 8-90 
6-39 6-68 658 681 675 667 6-73 


The final reading y,, was 11-35 c.c. A series of “ initial’ tubes gave acid production 0-30 c.c., and 
residual bromine, after its uptake by olefin, 14-10 c.c. (means). A further set of tubes withdrawn from 
the thermostat 180 mins. later gave acid 6-20 c.c., and residual bromine 9-40 c.c. (means). The 
proportion of olefin is therefore 47-38%. The comparison experiments on #ert.-amyl chloride were 
included in the paper by Hughes and MacNulty (ioc. cit.). 


StR WILLIAM RAMSAY AND RALPH ForSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. [Received, January 15th, 1948.} 


* Amt = ¢fert.-amyl. 
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417. Mechanism of Elimination Reactions. Part VII. Solvent Effects on 
Rates and Product-proportions in Uni- and Bi-molecular Substitution 


and Elimination Reactions of Alkyl Halides and Sulphonium Salts in 
Hydroxylic Solvents. 


By K. A. Cooper, M. L. Duar, E. D. HuGues, C. K. INGotp, B. J. MacNu tty, 
and L. I. Woo tr. 


Consideration is given to the contribution of solvation energy to the activation energy 
of bimolecular and unimolecular elimination; and a theory is advanced by which it is possible 
to predict the direction of the effect of a change of solvent on the rate of a bimolecular, or of a 
unimolecular elimination. By the simultaneous use of a corresponding theory concerning 
solvent effects on bimolecular and unimolecular nucleophilic substitution, one can forecast 


the effect of solvent changes on the proportions in which substitutions and eliminations 
accompany each other. 


In confirmation and illustration of these theoretical conclusions, a body of experimental 
data, some of it new, is assembled concerning solvent effects on the rates and product-pro- 
portions of reactions involving elimination. The reactions employed are the acid or alkaline 
decompositions undergone by alkyl halides and alkylsulphonium salts in water, or ethyl or 
n-propyl alcohol, or mixtures of these solvents. 


In 1935 two of us advanced a theory concerning solvent effects in nucleophilic substitution. 
We have now to state and illustrate a similar theory of solvent effects in olefin eliminations. 

Nucleophilic substitutions and eliminations are so closely parallel in mechanism, and occur 
so often together, that it is hardly possible to consider one without the other. The bimolecular 
forms of the two reactions may be represented as follows : 


(™ 
Y+ u“CR» RK —> YH + CR,:CR, + X 


o" 
Y¥+ i — Y-CR, + X . (Sx2) 
HR, HR, 

The electron transfers are similar but pass through a longer chain of atoms in the elimination 


than'in the substitution. The unimolecular forms of the reactions may be expressed as 
follows : 


H-CR,CR,k —> ner, <R, +X 7. 


¥ +#-CRYER, —> YH + CRYCR, hae She 


Y + R, —_ Y: R, . . . . . . . . (Syl) 
HR, HR, 


They have a common slow stage and the succeeding fast stages are similar, except that the 
electron transfer involves a larger number of atoms in the elimination than in the substitution. 

Sign-labels have been omitted from the above formulz because there are several alternatives : 
the electron transfers alter the state of charge of the atoms involved. Therefore we commence 
the discussion of solvent effects in elimination, just as we commenced the former discussion 
of substitutions (J., 1935, 244), by dividing the reactions under consideration into classes, four 
in all, according to whether the reagent is originally negative becoming finally neutral or is 
originally neutral becoming finally positive, and, independently, according as the expelled 
group is initially uncharged becoming ultimately negative, or is initially positive becoming 
ultimately neutral. The four types are here formulated and exemplified (Ar = p-NO,°C,H,) : 


Type 1: ¥ + H—C—C—X —> YH + C=C + X 
(Example) OH + H-CH,-CHMe-Br —>H,O + CH,:CHMe + Br 
Type 2: ¥ + H—C—C—X —> YH + C=C + X 
+ =~ 
(Example) HOEt + H-CH,-CMe,°Cl —>H,OEt + CH,:CMe, + Cl 
Type 3: ¥ + H-C—C—X —>YH + C=C + X 
(Example) OEt + H-CHMe-CMe, ‘SMe, ——> HOEt + CHMe:CMe, + SMe, 
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Type 4: ¥ + H—-C—C—X —> YH + C=C + x 
+ 
_ (Example) H,O + H-CHAr-CH,‘NMe, —>H,0O + CHAr:CH, + NMe, 


There are four corresponding types of nucleophilic substitution. It is true of the eliminations 
and substitutions alike that the similarities between the four types are much more fundamental 
than their differences; but behaviour with respect to solvent changes, which is our present 
concern, happens to be one of the main ways in which, for either reaction, the four types differ. 

All four types of elimination may proceed by the bimolecular mechanism E2. When we 
discuss solvent influence on this mechanism we shall be considering directly the effect on rate 
of bimolecular olefin formation. If we should wish to discuss the effect of solvent changes 
on the proportion in which the total bimolecular reaction yields olefin, it would be necessary 
to apply a parallel consideration to the corresponding bimolecular substitution S,2, and make 
a comparison of the results. 

The four types of elimination may also proceed by the unimolecular mechanism (F1). 
However, this and the unimolecular substitution mechanism (Syl) have a common rate- 
determining stage, and it is therefore convenient to deal first with the effect of solvent changes 
on the rate of this stage, i.e., on the rate of the total unimolecular reaction S,1 + El. Only 
two cases arise for consideration, because reactions of Types 1 and 2 are identical in form, and 
reactions of Types 3 and 4 are similarly identical, with respect to the rate-controlling stage of 
the unimolecular process. If we should seek the solvent effect on the proportion in which the 
total unimolecular reaction produces olefin, it would be necessary to compare the predicted 
solvent effects on the rates of the final rapid stages of the unimolecular mechanisms E1 and 
Syl. Here again only two cases arise, because reactions of Types 1 and 3 are of the same form, 
and reactions of Types 2 and 4 are also of the same form, with respect to the rapid stages of 
the unimolecular processes. 

The theory which we employ for the discussion of solvent effects is based on the simple 
picture of an ionising solvent as one whose molecules are attracted to electrically charged 
centres, and thus, by doing electrostatic work, reduce the energy of the system. Because of 
its intense local electric fields, water does this par excellence; and it is followed, in order of 
diminishing effectiveness, by the simpler alcohols, aprotic dipolar solvents, and non-polar 
solvents; e.g., HO >EtOH >Me,CO >C,H,. 

The argument by which we deduce the effect of solvent changes on olefin elimination is 
similar to that previously applied to nucleophilic substitution. The effect of solvation on the 
rate of each activated process is assumed to arise from the difference between the solvation 
energy of the transition state and that of the initial state. The following postulates are made 
concerning the degree of solvation to be expected in the presence of electric charges: (1) 
solvation will increase with the magnitude of the charge; (2) solvation will decrease with increas- 
ing distribution of a given charge; (3) the decrease of solvation due to distribution will be less 
than the decrease due to destruction of the same amount of charge. By applying these rules 
differentially to the initial and transition states, we can deduce the effect of solvation on the 
energy of activation and hence on the rate. The direction of the effect being thus determined, 
we know that its magnitude will be greater the more ionising the solvent. The influence of 
entropy is here neglected, since it appears to be small in comparison with the energy effect 
of solvation. From a quantitative point of view this is a fault; but our theory could scarcely 
be elevated to a quantitative status without a much more detailed knowledge of solvation than 
we at present possess. 

The application of these arguments to the bimolecular reactions is indicated in Table I. 
What happens to the charges on activation is shown in the middle three columns of the Table. 
The conclusions concerning the rates of bimolecular substitution and elimination (Sx2 and E2) 
are in the last column but one. It will be noted that the solvent effect on rate is always 
qualitatively the same for bimolecular substitutions and eliminations of the same type. The 
strong differences are those which occur between the types. The terms “ large” and “ small” 
are purely relative: they arise from the theory that the effect of the dispersal of a charge should 
be notably smaller than the effect of the creation or destruction of a charge (postulate 3 above). 

In order to deduce the direction of the solvent effect on the proportions in which these 
bimolecular reactions produce olefin, it is necessary to be able to compare the qualitatively 
similar effects on the competing substitutions and eliminations. This we cannot do for those 
cases in which charges are created or destroyed by activation, since we have no means of com- 
paring the amounts of charge created or destroyed by the two competing processes. But in 
those cases in which charges are dispersed, we can plausibly assume that they are more 
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extensively dispersed in the transition state of elimination than in that of substitution. Thus 
we reach the conclusions indicated in the last column of Table I. 
TABLE I. 


Predicted solvent effects on the vates and proportions of bimolecular substitutions and 
eliminations (S,2 and E2). 





Disposition of charges. Effect of es 


Reaction. | ¢ . activation | «¢ mie — 
Initial Transition on charges.| reaction olefin 
state. rates. proportion. 











Y + RX 
, Small Small 
| ispesea decrease decrease 


Large 
|rnrease { 


|rreduce iw eee 


a 


decrease decrease 


tw om Wm ow mm 


: Small Small 
8 Dispersed 























The corresponding argument for unimolecular reactions is given in Table II. The upper 
part of the Table is concerned with solvent effects on rates of total unimolecular processes, 
substitution plus elimination. These are the rates which measure the slow stage which is 


TABLE II. 


Predicted solvent effects on the rates and proportions of unimolecular substitutions and 
eliminations (Syl and El). 





Disposition of charges. Effect of — + nga 


-~ activation | « — 
Initial Transition. on charges.| reaction olefin 
Reaction. state. ° state. rates. proportion. 


A 











Effect on total rate. 


Large 
Increased { increase 


Small 


Dispersed - decrease 








Effect on olefin proportion. 


Large \ 


Reduced 
decrease 


Small Small 
decrease decrease 














Y+R oe 








common to unimolecular substitution and elimination; and accordingly, the transition states 
of which we have here to take account are those of the slow initial stages of these reactions. 
The lower part of the Table deals with solvent effects on the proportions in which olefin is 
produced in these unimolecular reactions. The proportions are determined by the relative 
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rates of the competing fast stages of unimolecular substitution and elimination, and the relevant 
transition states are therefore those of the fast stages. We are unable to verify the predicted 
solvent effects of these fast reactions individually, but the relative effects on the competing 
process determine the effect on the proportion of olefin. 

We shall now compare these theoretical expectations with experiment, using our measure- 
ments on the rates and product compositions of the reactions of various alkyl halides and 
sulphonium salts in acid or alkaline ethyl alcohol-water mixtures. In applying the theory we, 
of course, take water to be the more ionising solvent constituent. 

The data for the rates of bimolecular reactions are assembled in Table III. The reactions 
of Types 1 and 3 are proved to be bimolecular by their kinetic order; and the constants 
tabulated are second-order rate constants. The reactions of Types 2 and 4 are solvolytic in 


TABLE III. 


Observed solvent effects on the vate-constants (k, in sec.-* g.-mol.-1 1.; k, in sec.-1) of the 
bimolecular substitutions and eliminations (S,2 and E2) in aqueous ethyl alcohol. 





Rate Vol. % H,O in aqueous EtOH. 


const. 


Predicted 
effect. 





Type.| Retn. Example. Temp. 





1 | Sy2 | PriBr + OH 10*k, 0-30 Small decr. 
E2 i - 0-47 





2) | Sy2 | PriBr + H,O 105k, 0-667 — | Large incr. 





Sx2 | Me,$ + OH 10, 15-1 0-369 | Large decr. 
E2 | Et,s + 0H " 21-0 0-242 


” 





4 | E2 | Ar[CH,],-NMe, + | 105%, ~ 20:95 — 13-96 — 3-88 | Small decr. 
H,O 























(a) Hughes, Ingold, and Shapiro, J., 1936, 255; Hughes, Ingold, Masterman, and MacNulty, /., 
1940, 899. 

(b) Gleave, Hughes, and Ingold, J., 1935, 236. 

(c) (Ar = ~-NO,°C,H,) Hughes and Ingold, J., 1933, 523. The alcoholic constituent of the solvent 
was n-propyl alcohol in this case. 


character, and the tabulated constants are therefore first-order constants; but the reactions 
are believed to be essentially bimolecular, largely on account of the sensitivity of the rates to 
added bases. In the last column of the table the qualitative predictions are recapitulated for 
comparison with the figures. It will be noted that the effects are always in the expected 
directions. Furthermore, corresponding to the predicted distinction between “ large” and 
“small” effects, there is a clear difference in the orders of magnitude of the effects observed. 
“‘ Large ”’ effects are illustrated by figures which indicate rate ratios for pure ethyl alcohol 
and pure water * of orders such as 10*: 1 or 1: 10°; whereas “ small ”’ effects are represented 
by data indicating ratios in the two pure solvents of the order of 10: 1 only. 

Some figures for the rates of unimolecular reactions are given in Table IV. Here we have 
only two distinct reaction types, but their solvent effects differ strikingly in both direction and 
magnitude. Once again there is good agreement with qualitative theoretical prediction. 

In Table V we present the evidence concerning the effect of solvent composition on the 
proportions of olefin produced from alkyl halides and sulphonium ions by reactions of those 
molecularities and types which have been studied in aqueous ethyl alcohol. The universal 
rule appears to be a moderate drop in the proportion of olefin as the solvent becomes more 
aqueous. This agrees with the theoretical predictions, where these are definite. In the case 
in which no prediction is made, the theoretical interpretation of the observed result would be 
that the loss of charge in the formation of the transition state is at least not smaller when the 
anion is attacking hydrogen than when it is attacking carbon. 


* These calculations can readily be made with the aid of Olson and Halford’s formula (cf. Bird, 
Hughes, and Ingold, J., 1943, 255, and papers there cited). 
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TABLE IV. 


Observed solvent effects on the vate-constants (105k, with k, in sec.-1) of unimolecular 
substitutions and eliminations (Syl and E1) in aqueous ethyl alcohol. 





Vol. % H,O in aqueous EtOH. Predicted 


Example. 
10. 20. 30. 40. 50. 60. _| effect. 








0-171 0-914 4:03 126 36-7 129-4 
7: oa = — Large 
—- — oo increase 

aaa 14:8 — 


AmtBr@ 





$Me,Buts ) 


” ; * | Small 
SMe, Amt) , _ | decrease 
» 65-3 =— 




















(a) Hughes, J., 1935, 255. 

(b) Cooper and Hughes, J., 1937, 1183; Cooper, Hughes, and Ingold, J., 1937, 1280; cf. Part XI. 

(c) Cooper and Hughes, Joc. cit.; Hughes, Ingold, Masterman, and MacNulty, loc. cit. 

(Amt = fert.-amyl) Hughes and MacNulty, J., 1937, 1283. 

(e) Idem. ibid., cf. Part XI. 

f) Cf. Parts VIII and XIV. The figure 1-78 for 105%, refers to EtOH with 3% H,O. The figures 
1-24 and 0-60 are calculated from measurements at other temperatures. 

(g) Cf. Parts V, VIII, and XIV. The figure 15-0 for 105, refers to EtOH containing 3% H,0O. 


TABLE V. 


Observed solvent effects on the proportion of olefin (expressed below as a percentage of the total 
decomposition) in bi- and uni-moleculay reactions (substitution plus elimination) in 
aqueous ethyl alcohol. 





% H,O in aqueous EtOH. 


Reaction. Example. _, | Predicted 


effect. 








Sy2 + E2 | PriBr + OH Small decr. 


ButBr 
Syl + £1 AmtCl@ ° Small decr. 
AmtBr® 








Sx2+E2| SEt, + OHO 





Syl + £1 | $Me,Amun | 47-8 Small decr. 


ia : 49-4 39-80 




















(a) See Table III, footnote a. (dz) See Table IV, footnote e. 

(0) » wo IV, ” b. 6) » oo Il, ” b. 

(c) ” ”” se? ,? d. (f) ” ” IV, ”” g- 
(g) The figure 39-8% is interpolated. 


EXPERIMENTAL. 


The methods used for the preparation of dimethyl-tert.-butyl- and -¢ert.-amyl-sulphonium salts, for 
following the kinetics of their hydrolysis or alcoholysis, and for estimating the production of olefin, 
were as described in Part VI. The main numerical results are included in the preceding Tables. Details 
of some of the experiments are given in Table VI. Other experiments are described in the accompanying 
papers, Parts VI, VIII, XI, and XIV. 
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TaBLeE VI. 


Illustrating determinations of rates of solvolysis of dimethyl-tert.-butyl- and -tert.-amyl- 
sulphonium ion in water and aqueous ethyl alcohol. 


(a) Solvent: water. Temp.: 80-1°. [SMe,Bu'Cl] initially 0-0593m. Solution initially neutral. 
Acidity, y, at time ¢, recorded in c.c. of 0-0592N-alkali per 10 c.c. sample. Mean k, = 43-9 x 10° sec.-. 


# (min.) (UNCOTT.) ........seeeeeeeeeeee 0-0 , . 14-8 
Y (UNCOFT.)..cccccccscscccccccccvecscsece 0-43 ‘ . 3-53 
1052, (R, in sec.) , — ° ° 43-9 


$ (maim.) (UNCOFT.) ....cccccccsesccccees 30-05 ° . 65-0 
Y (UNCOMT.)...cccccccccccccsccccccoccsers 5-69 ° 8-32 
105k, (R, in sec.) 44-2 . 44-5 


(b) Solvent: ‘‘ 80% EtOH ”, i.e., a mixture of 4 vols. anhydrous ethyl alcohol with 1 vol. water. 
Temp. 80-1°. [SMe,ButCl] initially 0-0637m. Solution initially neutral. Development of acidity, 
y, recorded in c.c. of 0-0500N-alkali per 10 c.c. sample. Mean k, = 89-7 x 10° sec“. 


P CRIA.) COROSET.) o0ccccccccrccccsecese 0-0 5-05 8-00 14-5 
Y (UNCOTT.).ncecccccccccccccccccccccceces 1-03 5-07 6-41 
1052, (2, in sec.) 88-2 89-2 


$ Cert.) (UMOOET.) 000005 cccescccccscees ° 29-0 35-5 
* CO PRMOUEE J ecccsccencssscccseccosecoosses , ° 10-26 11-05 
105%, (Ry in sec.-) ° ° 86-4 92-0 


(c) Solvent: “‘ 50% EtOH ”, i.e., a mixture of equal volumes of anhydrous ethyl alcohol and water. 
Temp. 65-3°. [SMe,Am*Cl] initially 0-05533m. Solution initially neutral. Acidity, y, at time #, 
recorded in c.c. of 0-0477N-alkali, and bromine, x, after absorption of part of it by olefin, in c.c. of 
0-0492Nn-thiosulphate, each per 10 c.c. sample. Mean k, = 44-6 x 10° sec.-1. 


{ Gmin.) (COET.) ccciccccccccccsccccccess 


to 
f—) 


(corr. ‘ 
105k, (A, in sec.) 


ONE) TOROOEE.) cc csscerescceccseecse 
MIE Revcccvinascevevindssestescines 
HW CUMOGET. J occssscveccesesscccnvesvscesss 
[HCl] (units of y) 

[Olefin] (units of x) 


FERRER.) CUROOEE.) ci cccscccccescosccces 
Y UBROOET.) .cccccsccecccccsccenseccscsse 
BPE ccccssencsssevesecascnsesscces 
(HCl) (units of y) 

[Olefin] (units of x) 


The mean proportion of olefin at ¢ = 20 min. is 35-3%. The mean at ¢ = 40 min. is lower, 28-4%, 
showing the incursion of olefin hydration. 

(d) Solvent: “50% EtOH”. Temp. 65-3°. [SMe,Am‘Cl] initially 0-1042m. Solution initially 
neutral. , Acidity, y, at time #, expressed in c.c. of 0-1059N-alkali per 10 c.c. sample. Mean ky = 45-7 x 
10° sec.-, 


{; CURE.) COREE.) scccccccccesscsncocscncs 5-0 


om 


SOBoo a 
~ 
Saas 


_ 
CSOOaS IVS 
S 
_ 
on 
ao 


on 


0 
2 
1 
0 
‘1 
8 

4-5 

3-0 
40-0 
8 
0 

1 


—_ 
bob Or 
$"ss 


(corr.) 
105, (, in sec.—) 


i PID CED secaceccvcccsecssnvcoces 


y (corr.) 
105, (A, in sec.) 


(e) Solvent: ‘'50% EtOH”. Temp. 65-3°. [SMe,AmtCl] initially 0-1182m. Solution initially 
neutral. Units of y and ¢ as for expt. (d). Mean, = 45-8 x 10% sec.1. 


PRA) FOOTE) ccccvnccsvecsestnevecese 10-0 16-0 22-0 30-0 re) 
y (corr.) . 4-01 4-98 6-24 11-17 
10°, (R, in sec.) . 46-3 44-7 ° — 


(f) Solvent: “ 80% EtOH ” (cf. expt. b). Temp. 65-3°. [SMe,Am'Cl) initially 0-04425m. Solution 
initially neutral. Acidity, y, at time ¢, expressed in c.c. of 0-0406N-alkali, and residual bromine, #, 


after the uptake of part of it by the olefin, in c.c. of 0-0492N-thiosulphate, each per 10 c.c. sample. 
Mean k, = 60-3 x 10% sec... 


8 Genin.) (OGEE.) ccccccccscccccsccccccece 5-0 10- 
\? (corr.) 1-75 3 


0 
30 
1052, (R, in sec.) 60-1 
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TABLE VI (continued). 


B Gemie.) GOGEE) .ccccccccccccccccscscces 30-0 35-0 
y (corr.) 
105, (R, in sec.) 


Determined as in expt. c, the mean proportion of olefin at ¢= 20. min. was 48:5%. The mean at 
#= 60 min. was 40-0%, showing the incursion of olefin hydration. 

(g) Solvent: “ 80% EtOH”. Temp. 65-3°. [SMe,Am*Cl] initially 0-02471m. Solution initially 
neutral. Mean k, = 65-8 x 10° ‘sec... Mean proportion of olefin = 50-3% 

(4) Solvent: ‘80% EtOH’. Temp. 65-3°. [SMe,AmtC]] initially 0- "1250. Solution initially 
neutral. Mean k, = 59-5 x 10° sec.. 


Str WILLIAM RAMSAY AND RALPH FORSTER, LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. (Received, January 15th, 1948.] 





418. Mechanism of Elimination Reactions. Part VIII. Temperature 
Effects on Rates and Product-proportions in Uni- and Bi-molecular 
Substitution and Elimination Reactions of Alkyl Halides and 
Sulphonium Salts in Hydroxylic Solvents. 


By K. A. Cooper, E. D. Hucuss, C. K. Incotp, G. A. Maw, and B. J. MacNutty. 


A survey is made of the available data, including some new results, concerning temperature 
effects on rates and product-proportions in bi- and uni-molecular eliminations, and the 
accompanying nucleophilic substitutions, of alkyl halides and alkylsulphonium salts. The 
data are analysed in terms of the parameters of the Arrhenius equation, and the main regularities 
are pointed out. One is that, in both bi- and uni-molecular reactions of both alkyl halides and 
alkylsulphonium salts, the Arrhenius activation energy of elimination is higher than that of the 
accompanying substitution of the same molecularity. Another is that the substitutions and 
eliminations of organic ions have larger Arrhenius activation energies, and larger frequency 
factors, than do the corresponding reactions of neutral molecules; and that this effect of ionic 
character in the reactant is particularly marked for unimolecular reactions. 

These relations may be consistently interpreted on the hypothesis that the differences of 
activation energy are largely due to differences of solvation energy, which can be theoretically 
treated as explained in the preceding paper. In the comparisons between simultaneous 
substitutions and eliminations the main distinction of theoretical importance relates to the 
solvation of the transition states of these processes. In the comparison between charged and 
neutral reactants, the emphasis is on the difference of solvation of the initial states. By a 
straightforward extension of the theory, it is possible to deal with the complementary question 
of the effect of solvation entropy on the frequency factors of the reactions compared. 


WE here report some new measurements on the temperature coefficients of reactions which are 
undergone in hydroxylic solvents by alkyl halides and sulphonium salts in conditions leading 
to the substantial formation of olefins. It is interesting to set the new data beside previous 
results of the same nature, and to treat the whole in relation to our division of nucleophilic 
substitutions and eliminations each into four types distinguished by charge distribution 
(preceding paper), and in relation to the two mechanisms, the bi- and the uni-molecular, which 
in principle are available to each of the four types. 

(1) Survey of the Observations.—We shall first discuss the bimolecular decompositions. Since 
they are one-stage processes, we have to consider directly, and in the first instance separately, 
the temperature coefficients of the rates of the simultaneous bimolecular reactions of substitution 
and elimination, S,2 and E2. If the temperature coefficients are different, then the difference 
will be reflected in the fact that the proportion in which the total bimolecular reaction produces 
olefin will shift as the temperature changes. 

For the purpose of expressing the dependence of the rates on temperature, we use the 
Arrhenius equation, k, = B,e—#/RT, where k, is the second-order rate constant. The known 
values of B, (in sec-.1 g.-mol.1 1.) and E (in kilocals./g.-mol.) for bimolecular eliminations, and 
the bimolecular nucleophilic substitutions which accompany them, are given in Table I. 

These data enable us to state that, so far as is known, the rates of the second-order 
eliminations which simple alkyl chlorides, bromides, and iodides undergo in aqueous and 
alcoholic solvents all have temperature coefficients corresponding to Arrhenius energies of 
activation * contdined in the range 20—25 kilocals./g.-mol. The range for the second-order 


* In the case of the substitutions it is known that the Arrhenius energies of activation can be 
markedly changed by steric hindrance (Dostrovsky and Hughes, J., 1946, 157). 
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TABLE I, 


Arrhenius parameters for bimolecular elimination and the accompanying substitution reactions 
(Sy2 and E2) in aqueous alcohol. 





Substitution. Elimination. 


Type. Example. Solvent. c c 
logy» Bz. E. logio Be. E. 








PriBr + OR “ 60% EtOH” 9-4 20-8 10-4 22-1 
Pril + OR be 9-7 20-7 11-1 22-2 
PriCl + OR “ 80% EtOH ” 9-4 10-7 24-8 
PriBr + OR - 10-1 10-9 22-6 
ButBr + OR “100% EtOH ” = 10-1 19-7 





$Me,But + OR “100% EtOH ” 149 240 
$Me,"[CH,]_*Ph + OR . 150 23-9 


$Me,-CHMePh + OR ‘ 16-0 26-2 
| 

















(a) “‘ *% EtOH ” means a mixture of # vols. of anhydrous ethyl alcohol with 100 — # vols. of water. 
(6) Hughes, Ingold, and Shapiro, J., 1936, 225; Hughes and Shapiro, J., 1937, 1177; Hughes, 
Ingold, Masterman, and MacNulty, J., 1940, 899; Dhar, Hughes, and Ingold, Part XI, this vol., p. 2065. 
- 
(c) Cf. Parts XII and XIII. The figures for SMe,>CHMePh refer to a total reaction containing 40% 
of substitution and 60% of elimination. ‘ 


elimination reactions of alkylsulphonium ions seems to lie somewhat higher, viz., 24—26 
kilocals./g.-mol. However, for any given pair of simultaneous bimolecular processes, the 
elimination has, in each of the investigated cases, an Arrhenius energy of activation which lies 
higher than that of the accompanying substitution by 1—2 kilocals./g.-mol. The elimination 
thus has always the larger temperature coefficient, so that a rise of temperature increases the 
proportions in which olefin is formed. This effect of temperature on the bimolecular reactions 
is illustrated in Table II.* 


TABLE II. 


Variation with temperature of the proportions in which olefins are formed in bimolecular 
substitution and elimination (Sy2 and E2). 





Solvent: “60% EtOH ”’.@ Solvent: ‘“‘ 80% EtOH ”’.@ Solvent: ‘‘ 100% EtOH ”’. 





, % : % ‘ % 
Reaction. Temp. Olefin. Reaction. Temp. Olefin. Reaction. Temp. Olefin. 





PriBr+OR | 45° | 53-2 | Pricl1+OR | 70° 1 | EtSMe,+OR | 45° | 120. 
. 75 | 57-5 a 90 if 64 | 15-4 


m 100 | 63-6 | PriBr+OR | 50 1 | PrSMe,+OR | 45 | 606 
Pril + OR ‘50 «| «(69-8 ne 80 : s 64 65-7 
7 70 | 72-7 . 100 . 





























(a) See Table I, footnotes a and b. {b) See Table I, footnotes a and c. 


We shall now review the unimolecular reactions. They involve two stages, of which the 
first is rate-determining. Simultaneous substitution and elimination reactions of the same 
alkyl compound will have a common slow stage, viz., the heterolysis of the alkyl compound : and 


* The substitutions with which the eliminations from sulphonium ions are in competition are 
themselves composite processes, since alternative alkyl groups can be displaced by substitution (cf. Parts 
XII, XIII, and XIV). 
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the rate of this process is the measured rate of the total unimolecular reactions, Syl + E1. 
Since this total rate thus has a simple mechanistic significance, it is natural to consider its 
temperature-dependence before discussing the temperature-variation of the rates of the separate 
reactions, Syl and El. 

Again we employ the Arrhenius equation k, = B,e—#/RT, where k, is now the first-order rate 
constant of the total unimolecular reaction. Table III ©°ntains the value of B, (in sec.-*) and 
E (in kilocals./g.-mol.) for those unimolecular reactions in hydroxylic solvents which alkyl 
halides and sulphonium ions undergo giving known proportions of olefin. 


TABLE III. 


Arrhenius parameters for total unimolecular reactions involving both substitution and 
elimination (Syl + E1) in hydroxylic solvents. 





Total reaction. 
logo B,. & 


ButCl solvolysis” | “‘ 50% EtOH” 13-4 22-9 
ButCl pa 80% EtOH ” 11-9 23-2 
ButBr (2 Pa 13-3 22-8 
ButI bei - 13-4 22-4 
Am‘Cl @ om 11-9 22-9 
ButBr | “100% EtOH” 12-7 


Type. Example. Solvent.@ 











$Me,But Water 17-1 
$Me,But “ 30% EtOH” 17-2 
$Me,Amt , 17-2 














(a) Cf. Table I, footnote a. 

b) Hughes, J., 1935, 255. 

c) Cooper and Hughes, .J., 1937, 1183. 

d) (Amt = #ert.-amyl) Hughes and MacNulty, J., 1937, 1283. 


e) Hughes, Ingold, Masterman, and MacNulty, J., 1940, 899; Dhar, Hughes, and Ingold, Part XI, 
this vol., p. 2065. 


According to theory, the proportion in which olefin is produced in the unimolecular reaction 
depends on the relative rates of the final stages of the competing substitution and elimination. 
These final stages are immeasurably rapid, and the temperature coefficients of their rates are 
unknown; but any difference between the two temperature coefficients will be shown as a 
variation with temperature of the proportion in which olefin is formed. In the unimolecular 
reactions of both alkyl halides and alkylsulphonium ions the olefin proportion is, in fact, distinctly 
temperature-dependent, as is shown in Table IV. 


TABLE IV. 


Variation with temperature of the proportions in which olefins are formed in unimolecular 
nucleophilic substitution and elimination in ethyl alcoholic solvents (Sy1 and El). 





oe) - oe) 
Solvolysis. Solvent. Ol 2 Solvolysis. Solvent. ‘lo 2 


Butcl | “80% EtOH” 16-8@ || ButBr | “100% EtOH” 19-0 
” 23-7 ” ” 27-9 

36-3 || SMe,Amt | “80% EtOH” 47-8 

Am¢Cl 33-00 : ne 49-4 
- 40-3 ” ” 53-7 





























“ Cooper, Hughes, and Ingold, J., 1937, 1280. 
(b) Hughes and MacNulty, /., 1937, 1283. 

(c) Dhar, Hughes, and Ingold, Part XI, this vol., p. 2065. 

(d) Hughes, Ingold, Masterman, and MacNulty, /., 1940, 899. 


The data of Tables III and IV furnish the following picture of temperature effects on the 
unimolecular reactions. First, the temperature coefficients of the total first-order reactions 
6B 
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which alkyl chlorides, bromides, and iodides undergo in hydroxylic solvents are rather closely 
grouped, and, in the investigated cases, correspond to Arrhenius activation energies falling 
within the range 22—25 kilocals./g.-mol. Next, the temperature coefficients of the total 
first-order reactions of alkylsulphonium ions in hydroxylic solvents are also closely grouped in 
the examined examples; but the values are strikingly larger, and lead to Arrhenius energies of 
activation contained in the range 31—33 kilocals./g.-mol. These results, according to theory, 
apply to the first, slow stage of the unimolecular mechanism, 1.e., the heterolysis of the alkyl 
halide or alkylsulphonium ion. Finally, the proportion in which the total unimolecular reaction 
produces olefin always increases with rise of temperature. It is not remarkable that alkyl 
halides and sulphonium ions should be alike in this respect, since, according to theory, the effect 
arises from a difference in the energies of activation of the final, rapid stages of the simultaneous 
reactions of substitution and elimination, and these are both reactions of the separated carbonium 
ion. Interpreted in this way, the experimental results mean that the transference of a proton 
from the carbonium ion to the solvent with the formation of an olefin has an Arrhenius activation 
energy which is higher by about 2—4 kilocals./g.-mol. than that of the combination of the 
same carbonium ion with an anion extracted from the solvent. This follows if we apply the 
Arrhenius equation in parallel to the two rapid stages of each unimolecular reaction, taking the 
tatio of the amounts of the products as giving the ratio of the rates of the rapid stages, and 
using the data for different temperatures in order to eliminate the ratio of the frequency 
factors of the Arrhenius expression, and thus to isolate the difference of the activation 
energies. 

(2) Discussion.—While we have as yet no completely satisfactory theory of these effects of 
temperature, it may be noted that the more general of the differences to which attention has 
been called are in the direction in which they would be if solvation were the dominant cause, and 
if the apparent (Arrhenius) energy of activation were a good index of the real activation energy, 
i.e., if the two varied in a parallel manner from case to case. 

Thus, for the two bimolecular reactions, S,2 and E2, of alkyl halides, the initial state is the 
same, whereas, of the two transition states, that corresponding to elimination is the less solvated 
because of its more widely distributed unit charge. This is equally true for the bimolecular 
reactions of the alkylsulphonium ions (cf. Table I of Part VII). Solvation would therefore 
operate in both cases to produce a greater activation energy for elimination than for substitution ; 
and if this difference reappears in the apparent activation energies, as derived from the Arrhenius 
equation, then the elimination process would have the larger temperature coefficient, and an 
increase of temperature would increase the proportion of olefin, as is found experimentally. 

Asimilar statement applies to the unimolecular reactions of both alkyl halides and sulphonium 
salts. Here the variation with temperature of the proportion of olefin is dependent on the 
relative temperature coefficients of the fast stages of the competing substitution and elimination, 
i.e., the alternative reactions of the carbonium ion. In these reactions also, a unit charge, which 
is localised at the commencement of the reaction-stage, becomes distributed in the transition 
states, but more extensively in that of the process leading to elimination (cf. Table II of Part VII). 
Solvation would therefore reduce the energy of the transition state of the fast stage of the 
elimination less than it would reduce that of the fast stage of the substitution, that is, it would 
contribute more largely to the energy of activatian of the former reaction than to that of the 
latter; and if this difference were reflected in the Arrhenius activation energies, we should find 
that the proportion of olefin formed in unimolecular reactions increases with temperature, as in 
fact it does. 

We may next consider the differences between the temperature coefficients of the bi- and 
uni-molecular reactions of alkyl halides on the one hand, and the temperature coefficients of the 
analogous reactions of alkylsulphonium ions on the other. From a theoretical point of view, 
the principal diffetences, due to solvation, between corresponding reactions of the two types of 
alkyl compound are probably those which relate to the initial states of the reactions; for in the 
initial state any ionic charges which are present are localised, and therefore have their maximum 
effectiveness in producing solvation. In the initial state of a bimolecular reaction of an alkyl 
halide, one of the reactants is electrically charged and the other is neutral; whereas in the initial 
state of a bimolecular reaction of a sulphonium ion both reactants are charged. In the initial 
state of a unimolecular reaction of an alkyl halide the single reactant involved in the rate- 
determining process is neutral, whereas in the corresponding reaction of a sulphonium salt the 
single reactant is charged. Now the solvation of a charged initial state must be a powerful 
factor tending to increase activation energy; and it may be the main factor determining the 
larger apparent activation energies of the bimolecular eliminations of sulphonium salts than of 





a= 


—- 2 ff th oe Ste at Oe O6ttlC rlC CO 
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the bimolecular eliminations of the alkyl halides, as well as the considerably larger apparent 
activation energies of the overall unimolecular reactions of sulphonium salts than of the 
unimolecular reactions of the corresponding alkyl halides. We make this suggestion whilst 
realising that, where different types of link have to be broken, differences of activation energy 
are in any case to be expected, because we know of unimolecular reactions in which the bond 
broken is still the carbon—halogen bond, but the apparent activation energy is nevertheless 
increased to 29—33 kilocals./g.-mol., instead of retaining its usual value for secondary and 
tertiary alkyl halides of 22—25 kilocals./g.-mol.; and in these cases the special structural 
feature is, once again, that the sole reactant in the rate-determining stage is an ion. We are 
referring now to the unimolecular hydrolysis of the a-bromomethylmalonate ion and of several 
similar ions (Hughes and Taher, J., 1940, 956; Gripenberg, Hughes, and Ingold, Nature, 1948, 
161, 480). 

These considerations concerning the Arrhenius energies of activation require a slight 
extension in order to take account of the further fact that all the reactions, bimolecular and 
unimolecular, of the sulphonium salts have abnormally large B-factors. For the bimolecular 
reactions of sulphonium salts, the Arrhenius parameter B, is greater by several powers of ten 
than the theoretical collision frequency (log,)B, is about 15, instead of the normal value of about 
11, as observed, e¢.g., in the corresponding reactions of the analogous alkyl halides). And for 
the unimolecular reactions of sulphonium salts, the frequency factor B, is of an altogether 
larger order of magnitude than molecular vibration frequencies (log,,B, is about 17, instead of 
the common value of about 13, as illustrated, e.g., in the corresponding reactions of alkyl halides). 
The unimolecular reactions of the bromomalonate ion and other bromo-anions give similarly 
large B-factors (log,)B, is again about 17). 

Following Gripenberg, Hughes, and Ingold (loc. cit.) we regard these high B factors as due 
essentially to the ionic charges in the reactants (cf. Bell, J., 1943, 629); and we believe the mode 
of dependence to be closely connected with the effect of the charges on the activation energies. 
In brief, our theory is that, relatively to co-ordinate axes fixed in the reactant molecules, certain 
solvent molecules are restricted by these charges to positions in the initial state which are 
geometrically close to the positions which solvating solvent molecules will be required to occupy 
in the transition state of the reaction. The result will be that their displacement from one set 
of positions to the other will not be accompanied by as large a decrease of entropy as would 
have been involved in the absence of the initial charges. The small distances through which the 
solvating solvent molecules would have to move will, however, be associated with large amounts 
of electrostatic work, because of the great strength of the forces in the immediate neighbourhood 
of an ion. Thus the change from the initial state to the transition state will require larger 
increases of energy than would have been needed in the absence of the initial charges. We shall 
not go further into these matters here, since the structural and environmental factors which 
affect the Arrhenius parameters of reactions in solution are being treated in a more general 
manner in another paper. 


EXPERIMENTAL. 


The methods used for the preparation of materials, for following the kinetics of hydrolysis and 
alcoholysis of the alkyl halides and sulphonium salts, and for estimating the proportion of olefin formed, 
were as described in Part VI. The main numerical results are included in the preceding Tables. Details 
of some of the experiments are given in Tables V and VI. Other experiments are described in the 
accompanying papers, Parts VI, VII, XII, and XIII. 


TABLE V. 


Illustrating determinations of rates of bimolecular reactions of, and proportions of olefin 
formed from, alkylsulphonium ethoxide in dry ethyl alcohol. 


(a) Dimethyl-tert.-butylsulphonium Ethoxide (Total Rate: Expt. A).—Solvent: EtOH. Temp. 19-98°. 
Initially [SMe,ButI] = 0-0200m and [NaOEt] = 0-0967N. Alkalinity, y, at time ¢ expressed in c.c. of 
0-01609N-acid per 5 c.c. sample. Rate-constant, f,, in sec. g.-mol.“ 1. 


15 24 34 44 60 75 
29-11 29-07 28-78 28-45 28-06 27-64 
(1-7) 1-10 1-07 1-11 1-08 1-12 

140 160 180 200 240 
26-40 26-11 25-78 25-60 25-24 23-76 

112 SOB 1-17 1-15 1-14 — 


(Mean 10°, = 1-12. Corrected for expansion of solvent, 10%, = 1-14.) 
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TABLE V (continued). 


(b) Dimethyl-tert.-butylsulphonium Ethoxide (Olefin Proportion: Expt. B.)—Solvent: EtOH. 
Temp. 45-08°. Initially [SMe,ButI] = 0-0199m and [NaOEt] = 0-0958n. The alkali is expressed in 
c.c. of 0-01920N-acid per 5 c.c. sample, and the olefin is given by the amount of bromine, measured in 
c.c. of 0-02062N-thiosulphate, which survives out of a standard quantity added, in a 5 c.c. sample. 


Initial readings. Final readings. 
Alkali. Bromine. Alkali. Bromine. 
24-84 22-52 19-67 13-24, 12-98, 12-91, 12-75 
(Olefin proportion : 97-2, 99-7, 100-6, 102-2%. Mean: 99-4%.) 








Summary for ($Me,Bu)(OEt). In dry ethyl alcohol &, at 19-98° = 114 x 10°, and &, at 
45-08° = 2930 x 10° sec.-! g.-mol.11. The following proportions of isobutylene at 45-08° are found: 
100-5%, 99:4% (Mean proportion, 100%). Hence A(E2) at 19-98° = 114 x 10%, and A(E2) at 
45-08° = 2930 x 10° sec.“ g.-mol.-! 1.; and hence for the bimolecular elimination B = 8-5 x 10%* 
sec. g.-mol.-! 1. and E = 24-0 kilocals./g.-mol. 


TABLE VI. 


Illustrating determinations of vates of unimolecular reactions of, and proportions of olefin 
formed from, alkylsulphonium salts and alkyl halides in water and aqueous alcohol. 


(a) Dimethyl-tert.-butylsulphonium Salt.—Solvent: water. Temp. 65-35°. [SMe,ButCl] initially 


0-0593m. Solution initially neutral. Acidity, y, at time ¢, recorded in c.c. of 0-0592N-alkali for 10 c.c. 
sample. 


t (hrs.) (uncorr.) ° 0-45 1-00 1-52 2-00 
NE Deintdinidecentenveccevssonsens ° 0-98 1-93 2-70 3-50 
10°, (%, in sec.—1) 5-72 5-66 5-55 5-83 
¢ (hrs.) (uncorr.) , 4-80 5-80 6-80 7-80 
P CANOE Doscscccsccccccscceccsscssosecs ° 6-30 6-90 7-68 8-01 
105, (4, in sec.~) , 5-66 5-53 5-72 5-69 


Summary for $Me,Bu'Cl. In water, k, at 65-35° = 5-67 x 10°, at 80-1° = 43-9 x 10°, and at 
100-0° = 560 x 10° sec.“ (cf. Hughes and Ingold, J., 1933, 1571). Hence B, = 1-22 x 10% sec.-, 
and E = 33-0kilocals./g.-mol. In‘ 80% EtOH ”,k, at 65-35° = 11-8 x 10%, and at80-1° = 89-7 x 10° 
sec.!. Hence B, = 1-60 x 10!” sec.1, and E = 32-7 kilocals./g. mol. 

(b) tert.-Butyl Chloride.—Solvent: ‘‘80% EtOH”. Temp. = 50-0°. [ButCl] initially 0-182. 
Solution initially neutral. Acidity, y, at time ¢, recorded in c.c. of 0-0510N-alkali per 10 c.c. sample. 
Olefin, x, recorded in c.c. of 0-0493N-thiosulphate per 20 c.c. sample. 


¢ (hrs.) (uncorr.) ......... 0-00 0-32 1-02 2-00 5-20 22-0 72-4 
y (uncorr.) 6-70 19-58 27-70 34-62 — 35-20 
# (uncorr.) ° 7-32 19-26 27-46 31-80 19-52 6-51 


The figures show that olefin hydration becomes considerable after 2 hours. The readings up to that time 
give figures which are included in the summary. 

Summary for Bu'Cl. In ‘80% EtOH”, k, at 25-0° = 0-854 x 10°, at 50-0° = 19-6 x 10°, and 
at 65-35° = 89-7 x 10° sec.—! (cf. Cooper, Hughes, and Ingold, loc. cit.). Hence B, = 9-8 x 10" sec.-}, 
and E = 23-2 kilocals./g.-mol. The proportions of olefin at the above temperatures are given in Table IV. 

(c) tert.-Amyldimethylsulphonium Salt.—Solvent: ‘“‘ 80% EtOH”. Temp. 82-7°. [SMe,Am‘C]] 


initially 0-0199m. Solution initially neutral. Acidity, y, at time ¢, expressed in c.c. of 0-0221N-alkali 
per 20 c.c. sample. 


PD IED cenesinsscsncscccansescases 1-0 2-0 3-0 4:0 6-0 


y (corr.) 10-05 12-09 13-83 16-07 
10°, (A, in sec.) 671 618 608 619 


Mean k, = 612 x 10° sec.1. There is no appreciable hydration of olefin in the first 6 mins., and 
independent determinations of the olefin proportion at 4—6 mins. gave 53-:7%. 

Summary for SMe,Am‘Cl. In “‘ 80% EtOH”, &, for 50-0° = 6-66 x 10°, at 65-3° = 61-8 x 10°, 
and at 82-7° = 612 x 10 sec.1. Hence B, = 1-50 x 10!” sec.1, and E = 31-6 kilocals./g.-mol. The 
proportions of olefin at the above temperatures are in Table IV. 


Str WILLIAM Ramsay and RALPH FoRSTER LABORATORIES, 
UNIVERSITY COLLEGE, LonDoNn, W.C.1. (Received, January 15th, 1948.) 
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419. Mechanism of Elimination Reactions. Part IX. Kinetics of Olefin 
Elimination from n-Propyl, n-Butyl, n-Amyl, and isoButyl Bromides 
in Alkaline Alcoholic Media. 


By M. L. Duar,-E. D. HuGues, C. K. INGoLp, and S. MasTERMaN. 


Data are recorded illustrating certain constitutional effects on the rates of the constituent 
substitutions and eliminations which primary alkyl bromides undergo in bimolecular reactions 
with ethoxide ions in ethyl alcohol. The constitutional effects studied are the lengthening of 
a normal chain, the successive introduction of f-linked methyl substituents, and the effect of a 
B-phenyl] substituent. 

As regards bimolecular elimination rates, the effect of increasing the normal chain-length 
from ethyl to n-propyl is to produce a marked acceleration, whilst further increase of chain- 
length is accompanied by a gradual decrease in the elimination rate. Successive f-linked 
methyl substituents continue to increase the bimolecular elimination rate, and a f-phenyl 
substituent increases it greatly. The significance of these results is considered in Part XVI. 
The changes in the bimolecular substitution rate are by no means parallel. They are in accord 


with a previous discussion (Dostrovsky, Hughes, and Ingold) of aliphatic substitution in 
terms of polar and steric influences. 


TuHIs paper and those which follow are concerned with the study of constitutional effects on 
elimination reactions. We shall deal in this and the next two papers with olefin elimination 
from alkyl halides, and after that take up the case of olefin formation from sulphonium salts. 

Our attack upon the constitutional problem concerning olefin formation from alkyl halides 
was actually commenced in Part V (Hughes, Ingold, Masterman, and MacNulty, J., 1940, 
899). It was there pointed out that such a study cannot be conducted except in association 
with a kinetic analysis, the lack of which renders the extensive previous literature on olefin 
elimination practically useless for the purpose in view. The need arises partly from the fact 
that nucleophilic substitutions and eliminations commonly occur together, and have usually 
been measured together without discrimination. It also arises from the circumstance that 
substitution and elimination may each occur by either or both of two mechanisms, so that, 
without kinetic control, a comparison between two substances may be rendered meaningless 
because different mechanisms, or different mixtures of mechanisms, are, or might be, in 
operation in the cases compared. 

In general, then, we have four component reactions, which are in principle distinguishable 
by a combined study of the kinetics and products of the overall reaction. The component 
reactions are those which we label S,2, S,1, E2, and El. Our programme is to ascertain the 
rates of these constituent processes, or of as many of them as have measurable rates under 
the conditions chosen, for the reactions of a series of alkyl compounds so selected as to display 
the effects of progressive changes in the structure of the alkyl group. 

This task was begun in Part V, which records the results of a comparative study of the 
reactions of ethyl, isopropyl, and ¢ert.-butyl bromides, as well as of 2-phenylethyl and 1-phenyl- 
ethyl bromides, with sodium ethoxide in dry ethyl alcohol. We have now similarly investigated 
a series of primary alkyl bromides, of which ethyl bromide may be regarded as the parent. The 
examples have been chosen in order to illustrate three types of progressive structural change, 
as follows. (Series 1) The series ethyl, n-propyl, ~-butyl, m-amyl exemplifies the effects due 
to the progressive lengthening of a chain. (Series 2) The series ethyl, m-propyl, isobutyl 
illustrates the effect of successively introduced £-linked methyl substituents, and includes all 
the primary groups of the series from which olefins can be formed without rearrangement 
(the neopentyl group gives olefin with rearrangement). (Series 3) The series ethyl, n-propyl, 
2-phenylethyl is of interest in connexion with the relative magnitude of effects attributable 
to any hyperconjugation or conjugation of the terminal part of the radical, H, Me, Ph. 

The reactions of all these compounds were conducted in ethyl-alcoholic sodium ethoxide. 
The common temperature was 55°0°, the same as in Part V. The initial concentration of 
sodium ethoxide was always about 0°1n, the alkyl halide being in deficit, so that the solutions 
remained alkaline. The total salt concentration was thus uniformly about 0°lm. Under 
these conditions kinetic complications are at a minimum, since the first-order reactions, Syl 
and £1, do not arise in any of the examples treated. We find in each case two second-order 
reactions S,2 and E2, which maintain a constant ratio to each other. Our procedure is there- 
fore to measure the rate-constant k, of the total second-order reaction (Sy2 + E2), and then 
split it into its components, k(Sy2) and k(E£2), on the basis of a measurement of the proportion 
in which olefin is produced. Because under the alkaline conditions, olefin, when once formed, 
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does not enter into reaction with the solvent, such a measurement can suitably and conveniently 
be made towards the end of reaction. 
TABLE I. 
Second-order vate-constants (k, in sec. g.-mol.1 1.), and percentages of olefin formed, in the 
veactions of primary alkyl bromides with sodium ethoxide in anhydrous ethyl alcohol at 
55°0° (concentrations ~0-1m). 





105R,. % Olefin. 
Alkyl bromide. 





Individual values. Individual values. 





59-9, 60-1 

43-9, 43-5, 44-3 
39-6, 38-9 

14-3, 14-3, 14-3, 14-1 














Table I contains the new measurements of the total bimolecular rate constants, and of the 
proportions in which olefin is formed, in the reactions of the alkyl bromides. In Table II these 
data, as well as corresponding data, taken from the record in Part V, for two other primary 
alkyl bromides, are analysed in terms of the rate constants of the individual bimolecular 
reactions of substitution and elimination, S,2 and E2. 


TABLE II. 
Analysis of the kinetic data for the reactions of primary alkyl bromides with sodium ethoxide in 
ethyl alcohol at 55°, showing the variation of the vates of bimolecular substitution and 
bimolecular elimination with progressive changes in the structure of the alkyl group. 





Series. Alkyl bromide. . | 105&(Sy2). | 10%R(E2). 


CH,°CH,Br 
CH,°CH,°CH,Br 
CH,°CH,°CH,°CH,Br 
CH,°CH,°CH,°CH,’CH,Br 


CH,-CH,Br 
CH,-CH,-CH,Br 
(CH,),CH-CH,Br 


CH,-CH,Br 
CH,-CH,-CH,Br 
C,H,-CH,°CH,Br 
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The figures in Table II are arranged in such a way as to show the variation of the different 
rates, and of the olefin proportions, in the three structural series which the available data allow 
us to illustrate. We need not now comment on the substitution rates, since the stronger 
variations have recently been theoretically discussed in terms of the polar and steric effects 
exhibited by alkyl groups in bimolecular reactions (Dostrovsky, Hughes, and Ingold, J., 1946, 
173). As to the elimination rates we shall here restrict ourselves to pointing out the empirical 
relations; which are that a progressive increase in the chain-length of the alkyl group is 
accompanied at first by a marked increase, and then by a gradual decrease, in the bimolecular 
elimination rate; that successive B-linked methyl substituents in the alkyl group considerably 
increase the rate; and that a $-phenyl substituent greatly increases the rate. A theoretical 
discussion of these, relationships is included in Part XVI. 


EXPERIMENTAL. 


Materials—Commercial n-propyl, n-butyl, and x-amyl bromides were dried with anhydrous 
potassium carbonate and with calcium chloride and fractionated. The fractions having the respective 
b. p.s 70-8°/755 mm., 101-5°/767 mm., and 127-7°/754 mm. were taken for the measurements now 
reported. The available sample of isobutyl bromide was found to contain #ert.-butyl bromide as an 
impurity. This was destroyed by shaking the material for 3 hours at 20° with dilute aqueous sodium 
hydroxide containing acetone. After addition of excess of water, the unchanged bromide was recovered, 
dried, and fractionated. It had b. p. 91-5°/760 mm. The alcohol used as solvent was prepared by 
drying commercial absolute alcohol by the method of Lund and Bjerrum (Ber., 1931, 64, 210). 

Method of Kinetic Measurements.—Portions, usually 5-0 c.c., of the reaction mixture, taken from a 
standard measuring flask, were enclosed in the cold in sealed tubes, which were placed in the thermostat 
(55-0° + 0-05°) for known times, and then broken each under 100 c.c. of cold anhydrous ethyl alcohol 
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in order to stop the reaction. The surviving alkali was then titrated with standard hydrochloric acid, 
with the use of lacmoid as indicator. Second-order rate constants were calculated from the formula 
hk, = {l/t(a — }}0Bs {b(a — x)/a(b — x)}, where ¢ is the time in seconds, a and b are the initial con- 
centrations of alkali and alkyl bromide, and *# is the concentration of alkali destroyed in time ¢. The 
constants thus obtained were corrected for the change in volume of the solvent between the temperature 
at which the solutions were made up and the temperature of the thermostat. 

Methods for Olefin Estimations.—Propylene was estimated by the aspiration method (Hughes, 
Ingold, and Shapiro, J., 1936, 230), and all other olefins by the extraction method (Hughes, Ingold, 
Masterman, and MacNulty, J., 1940, 901). Experiments by the latter method were always conducted 
in the following way. About 14 samples of the original solution in sealed bulbs were simultaneously 
placed in the thermostat, and about half of them were removed and chilled after two minutes, this 
moment being regarded as the time of commencement of the reaction to be investigated. Two of the 
removed tubes were used for the estimation of free alkali as described above, and the others were employed 
for the estimation of any olefin which might have been formed during the period in which the tem- 
perature was being raised to that of the thermostat. The other tubes were removed from the thermostat 
and chilled after a time sufficient to allow the decomposition to proceed nearly to completion. Again 
two tubes were used to estimate surviving alkali, and the others in order to estimate the olefin present. 
The amount of total reaction, and the amount of olefin formed, between the two times, could then be 
deduced, and hence the production of olefin could be calculated as a fraction of the total reaction. 

Results of Measurements.—These are summarised in Table I. As illustrations, an individual measure- 
ment of the total bimolecular rate-constant, h,, for n-butyl bromide is recorded in Table III, and an 
individual measurement of the proportion in which butylene is produced from n-butyl bromide is given 
in Table IV. 

TABLE III. 


I illustrating determinations of total second-order rate-constants (k, in sec.-' g.-mol.- 1.) : 
n-butyl bromide (Expt. C). 


(Solvent: EtOH. Temp.: 55-0°. Initially [BuBr] = 0-08762m and [NaOEt] = 0-1038n. In 
the Table, [BuBr] and [NaOEt] are each expressed in c.c. of 0-03107N-acid per 5 c.c. sample.) 
#(min.). [NaOEt]. [BuBr]. 10*k,. ¢#(min.). [NaOEt]. [BuBr]. 10*R,. 
0 16-70 . ca 508 8-46 5-86 4-01 
25 15-81 . 4-36 560 . . 4-06 
60 14-70 ° 4-35 767 . . 4-07 
97 13-73 ° 4-35 895 . . 4:17 
125 13-05 . 4-24 1110 S ° 4-22 
180 11-94 . 4-42 1243 - . 4-11 
235 11-10 , 4-28 1328 “20° . 4-06 
295 10-33 : 4-20 1387 . , 4-06 
355 9-55 , 4:31 1958 . . 4-14 
445 8-83 4-16 -— . — 
(Mean &,, 4:19 x 10; corrected for solvent expansion, 4-43 x 10~ sec.- g.-mol.-? 1.) 


TABLE IV. 


Illustrating determinations of olefin proportions by the extraction method : n-butyl bromide (Expt. B). 


(Solvent: EtOH. Temp.: 655-0°. Initially [BuBr]) = 0-08139m and [NaOEt] = 0-1008N. 
Portions of 20 c.c. were used for estimation of alkali and olefin. In the Table the alkali in each sample 
is expressed in c.c. of 0-06244N-acid, whilst the olefin is given by the amount of bromine, measured in 
c.c. of 0-1972N-thiosulphate, which survives out of 5-0 c.c. of added standard bromine.) 


Initial readings. Final readings. 











Alkali. Bromine. Alkali. Bromine. 








32-32 20-80, 20-65, 20-77 6-22 19-05, 18-80, 19-15 
32-25 20-68, 20-68 6-20 19-27, 18-90, 18-84 
32-28 (mean) 20-72 (mean) 6-21 (mean) 19-00 (mean) 
(Alkali consumed : 24-07 c.c. Olefin formed: 1-72 c.c. Olefin = 10-4%.) 


Products.—Since isobutyl bromide is known to undergo transformation to ¢ert.-butyl bromide at 
elevated temperatures, it was considered desirable to show that no such change could have occurred 
under the conditions of the alkaline alcoholysis to which the kinetic measurements apply. isoButyl 
bromide was therefore boiled for 40 hours with dilute sodium hydroxide, and the alcohol thereby formed 
was isolated. It was identified as isobutyl alcohol by conversion into the p-nitrobenzoate, m. p. 70— 
71°, and a determination of the mixed melting point of the latter with an authentic specimen. 

In order to confirm the individuality of the isobutylene produced by the hydrolysis of isobutyl 
bromide, the olefin, generated from 50 g. of isobutyl bromide and 500 c.c. of 2N-ethyl-alcoholic sodium 
ethoxide, was led through a series of condensers and traps designed to retain alcohol, and was collected 
at —80° and distilled. It was then carefully combined with bromine in methylene chloride solution. 
The dibromide on distillation showed the characteristics of an almost pure substance, and had the b. p., 
60—61°/35 mm., and refractive index n}”* 1-5102, of the dibromide of isobutylene. 


Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoLLeGcE, Lonpon, W.C.1. [Received, January 15th, 1948.) 
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420. Mechanism of Elimination Reactions. Part X. Kinetics of Olefin 
Elimination from isoPropyl, sec.-Butyl, 2-n-Amyl, and 3-n-Amyl 
Bromides in Acidic and Alkaline Alcoholic Media. 

By M. L. Duar, E. D. HuGues, and C. K. INGotp. 


Data are recorded to show certain constitutional effects on the rates of the constituent 
substitutions and eliminations which secondary alkyl bromides undergo in bimolecular reactions 
with ethoxide ions in anhydrous ethy] alcohol, and also in solvolytic reactions with 60% aqueous 
ethyl alcohol. Elimination rates are analysed, where possible, into those of the component 
elimination processes which establish the double bond in alternative branches of the secondary 
alkyl group. The structural effects studied relate to increases in alkyl chain-length beyond the 
f-carbon atom in either or both of the branches of the secondary group. 

The bimolecular substitution rate drops with ascent of a homologous secondary alkyl 
series more slowly than it drops in an analogous primary alkyl series; and it drops somewhat 
more slowly in the secondary series when less concentrated alkali is employed for the reaction. 
These quantitative differences are ascribed to the operation of mixed mechanisms near the 
conditions for change to the unimolecular mechanism of substitution. Bimolecular elimination 
rate is increased by the introduction of f-linked methyl] substituents in either or both of the 
alkyl branches, and is decreased, but less sharply, if such a branch is further lengthened by 
continued alkyl substitution. Each change of elimination rate from one compound to another 
is more than accounted for by a change in the rate of establishment of the double bond in 
the altered alkyl branch, this effect being partly off-set by smaller contrary changes in the rate 
of entrance of the double bond into the alkyl branches which remain similar. These relations 
are interpreted in Part XVI. 

The solvolytic reactions in neutral and acidic aqueous alcohol consist in part of bimolecular 
substitution with a solvent molecule as substituting agent, and in part of unimolecular 
substitution and elimination. Because of the composite molecularity of the total solvolytic 
substitution, no attempt is made to analyse the obviously complicated structural effects on 
the solvolytic substitution rate. However, the solvolytic elimination will be wholly unimolecular 
in mechanism, and its rate should be intelligibly related to structure. It is found that the 
unimolecular elimination rate is increased by the introduction of a f-linked methy] substituent 
in either or both of the alkyl branches, and is decreased, but less sharply, if such a branch is 
ee by continued alkyl substitution. These effects also are interpreted in 
Part XVI. 


THE investigation of constitutional effects on olefin elimination from secondary alkyl halides 
provides a more complicated problem than did the similar study of primary halides described 
in the preceding paper. For this there are several reasons. 

One is that in secondary alkyl halides the tendency towards bimolecular and unimolecular 
reactions of substitution and elimination are all developed to an appreciable extent. There- 
fore, in general, at least four reactions, those to which we give the type-labels S,2, E2, Syl, 
and E1, require to be kinetically separated, and individually studied with respect to constitutional 
influences. 

Of these four processes, the two bimolecular reactions, S,2 and E2, can readily be examined, 
without serious interference from the unimolecular reactions, by the use of a somewhat weakly 
ionising solvent, such as anhydrous ethyl alcohol, and moderately large concentrations of 
strongly basic reagents, such as hydroxide or ethoxide ion. On the other hand, even in alcohol— 
water mixtures of marked ionising character, the tendency shown by secondary alkyl halides 
to undergo the unimolecular reactions Syl and E1 is not usually so great that these processes 
can be kinetically isolated from the bimolecular reactions in the presence of conveniently 
measurable concentrations of alkali. One is therefore compelled to pursue the kinetic study 
of the unimolecular reactions in nearly neutral and acidic solutions, thereby introducing the 
well-known difficulty, peculiar to solvolytic processes, of distinguishing between true uni- 
molecular reactions involving the prior ionisation of the alkyl halide, and bimolecular reactions 
in which the solvent molecule is the reagent. These two types of reaction may both exhibit 
accurate or approximate first-order kinetics, and therefore the distinction between them usually 
has to depend on indirect evidence of various kinds. 

The remaining general point concerning secondary alkyl halides is that some of them are 
so constituted that different olefins can be formed from them by elimination along different 
branches of the alkyl structure. It follows that the set of simultaneous reactions requiring 
separate measurement in a given case, and comparison from case to case, may include two 
concurrent eliminations of either kinetic type. 

The following alkyl halides have been included in the present study : isopropyl, sec.-butyl, 
2-n-amyl, and 3-m-amyl bromide. The first and fourth of these can each give rise to only one 
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olefin, whilst the second and third can, and do, each produce a mixture of two isomeric olefins 
(three, allowing for the geometrically isomeric forms of one of the position isomerides). The 
examples are chosen in order to provide two series, one of which illustrates the effects of pro- 
gressive homology through the lengthening of a chain, whilst the other exemplifies the effect 
of the introduction of successive #-linked methyl groups: Series 1: CH,(CHMeBr), 
CH,°CH,(CHMeBr), CH,°CH,°CH,(CHMeBr). Series 2: Me,(CHBr), MeEt(CHBr), Et,(CHBr). 

There are several relevant previous investigations. The set of simultaneous substitutions 
and eliminations undergone by isopropyl bromide under various conditions of alkalinity were 
kinetically analysed by Hughes, Ingold, and Shapiro (J., 1936, 225). They employed two 
solvents, ‘‘ 60% ’”’ aqueous ethyl alcohol (a mixture of 3 vols. of ethyl alcohol and 2 vols. of 
water) and ‘‘ 80% ” ethyl alcohol (4 vols. of alcohol plus 1 vol. of water), and a range of tem- 
peratures. Hughes, Ingold, Masterman, and MacNulty (J., 1940, 899) extended the work, 
employing anhydrous ethyl alcohol as solvent, and a wide range of ionic strengths, but only 
one temperature, this being chosen for its suitability in the comparison of typical primary, 
secondary, and tertiary alkyl halides having very different kinds of reactivity. An investigation 
of olefin elimination from 2-n-butyl and 2-n-amyl bromide has been carried out by Lucas and 
his collaborators (Lucas, Simpson, and Carter, J. Amer. Chem. Soc., 1925, 47, 1462; Lucas, 
Dillon, and Young, ibid., 1930, 52, 1949). Without making any kinetic measurements on the 
processes studied, these authors carried out some careful determinations of the compositions 
of the mixtures of isomeric olefins which are formed from each halide by the action of hot 
ethyl-alcoholic potassium hydroxide. 

In the present work, anhydrous ethyl alcohol has been used for the investigation of the 
bimolecular processes, and ‘‘ 60% ” aqueous ethyl alcohol for that of the unimolecular reactions. 
The bimolecular reactions in dry ethyl alcohol have been studied under two sets of conditions. 
In the first, the reagent was 4N-potassium hydroxide, and the temperature 80°0°, these con- 
ditions being chosen in order that the kinetic results could be correlated with the above- 
mentioned analytical work of Lucas and his collaborators. However, although the reaction 
rates could be measured in these conditions, the reactions were rather too fast for accurate 
kinetic study by our methods. Furthermore, the reagent is not as simple as it could be, since 
the entity which attacks the alkyl halide molecules, though it probably consists mainly of ethoxide 
ions, must actually bea mixture of hydroxideand ethoxideions. We have therefore endeavoured 
to secure a series of more accurate, and possibly more simply interpretable, kinetic data by 
means of a parallel series of measurements under a second set of conditions, in which the reagent 
was In-sodium ethoxide and the temperature 25°0°, the solvent being dry ethyl alcohol as 
before. 

It can be shown that, in the presence of 4N-potassium hydroxide in dry ethyl alcohol at 
80°, the total reaction is substantially bimolecular: the incursion of first-order processes 
amounts to less than 1%, and is therefore negligible. We are thus dealing essentially with the 
substitution and elimination processes S,2 and E2. Just as in the corresponding study with 
primary halides (Part IX), two types of measurement were made in each example. First, we 
measured the total bimolecular rate constant, k,, by following the liberation of halide ion. 
Then we determined the proportion in which the total reaction yields olefin, and on that basis 
split up the over-all constant, k,, into its component parts, k(S,2) and k(E2), relating to the 
substitution and elimination. Since the solutions are alkaline, olefin, when once formed, is 
not destroyed, and hence the proportion in which it is produced can conveniently be estimated 
at the conclusion of reaction. 

In those cases‘in which the elimination constant, k(E2), is itself composite, owing to the 
simultaneous formation of isomeric olefins, this constant can be split into its components with 
the help of Lucas’s analytical data. These are given in the following scheme, if one reads the 
upper line of figures entered against the butylenes. Lucas’s analysis of the mixture of butylenes 
has been repeated by Dr. L. I. Woolf, as described in Part XIII. His results are summarised 
in the lower line of figures given for the butylenes. We use the mean of Lucas’s and Woolf’s 
results in our analyses of the elimination rate-constants, k(E2) : 


CH,-CH OEt CH,-CH: 82-5% CH,°CH 17-5% 
* CH, >CHBr — ‘cH, > CH (300%) +" cHACH (30-0) 


CH,°CH,’CH, OEt CH,°CH,-CH a CH,°CH,CH, 29-09 


Lucas and his co-workers were unable to determine the proportion in which the but-2-ene 
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is composed of cis- and trans-isomerides. According to Woolf, the but-2-ene consists almost 
entirely of the cis-compound. 

In the presence of 1n-sodium ethoxide in anhydrous ethyl alcohol at 25°, the total reaction 
is still substantially bimolecular although the incursion of first-order processes may amount 
to 2 or even 3%. We still treat the reaction as containing essentially only the processes Sy2 
and E2, and, as before, determine the total bimolecular rate-constant, and the olefin proportion, 
in each example. We have analysed the results as before, even to the stage in which Lucas’s 
and Woolf’s results are employed, since the kinetic constants are certainly more accurate, and 
we think that Lucas’s and Woolf’s olefin compositions will apply under the changed conditions 
to quite a good approximation, perhaps to within the limits of the errors in the measurements 
themselves (cf. Part XIV). 

_ Table I contains the observational data for both the sets of conditions specified. In 
Table II these data are analysed in the manner described. The figures are arranged to show 
the effects arising from the two types of progressive structural change which our compounds 
illustrate. 

TABLE I. 


Second-order rate-constants (k, in sec. g.-mol.- 1.), and percentages of olefin formed, in the 


reactions of secondary alkyl bromides with potassium hydroxide and with sodium ethoxide in 
anhydrous ethyl alcohol. 























% Olefin. 
Conditions. Alkyl bromide. 105k,. 

Determinations. Mean. 

4n-KOH at 80-0° 2-Propyl 162 88-0, 86-2 87-1 
2-n-Butyl 209 . 90-0, 92-8 91-4 

2-n-Amyl 165 91-6, 89-2 90-4 

3-n-Amyl 211 96-0, 97-7 96-8 

1n-NaOEt at 25-0° 2-Propyl 0-295 82-7, 78-0 80-3 
2-n-Butyl 0-422 82-3, 79-7, 84-6 82-2 

2-n-Amyl 0-343 79-4, 82-0 80-7 

3-n-Amyl 0-454, 0-455 87-5, 88-6 88-1 





We shall comment here only on the substitution rates, since the elimination rates will be 
comprehensively considered later and in Part XVI. Since the olefin estimations admit of 
possible errors up to 3% (cf. Hughes, Ingold, Masterman, and MacNulty, Joc. cit.), the figures 
105(S,y2) given in Table II for the reactions with 4n-potassium hydroxide are liable to errors 
up to 5 units, whilst the corresponding figures for the reactions with 1n-sodium ethoxide involve 
possible errors of 0°01. In the former case it would seem that a fall of rate accompanies ascent 
of the homologous series, though the details are obscured by the experimental error. In the 
latter, all that can be said is that the values show no marked trend in either direction. 

We interpret these facts, as similar phenomena have been interpreted before, by reference 
to our view that it would be an over-simplification to regard the transition from the bimolecular 
to the unimolecular mechanism of substitution as a sharp change. There must be degrees of 
coupling between the bond-breaking and ‘bond-forming processes involved in a substitution, 
and, in conditions near to those which would change the mechanism, many molecules may 
react along paths which cannot clearly be classified as belonging to either mechanism. The 
consequence is that, as the conditions for a change of mechanism are approached, signs of the 
impending change, e.g., particular types of variation of rate with structure or with solvent, 
may begin to appear before all the kinetic characteristics of the new mechanism are fully 
developed. One recognises that isolated small rate differences are unlikely in principle to 
have any simple relation to structure; and furthermore that some of the measurements of 
substitution rates involve a considerable experimental error. Nevertheless it is clear that the 
drop of rate with ascent of the homologous series is significantly less in the secondary alkyl 
series than in the primary alkyl series discussed in the preceding paper. It also seems fairly 
clear that the drop of rate with ascent of the secondary series is less with the weaker alkali 
than with the stronger. These tendencies accord with the ideas indicated, inasmuch as in 
passing from the primary to the secondary alkyl series, as well as in passing from more to less 
alkaline solutions, one is approaching more closely to the conditions in which the unimolecular 
mechanism takes control. It is possible to express the whole argument in terms of potential 
energy surfaces, as has been done in an analogous case (cf. Hughes, Ingold, and Shapiro, Joc. cit.). 
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TABLE II. 


Analysis of kinetic data for the reactions of secondary alkyl bromides with potassium hydroxide 
and with sodium ethoxide in ethyl alcohol, showing the variation of the rates of bimolecular 
substitution and bimolecular elimination with progressive changes in the structure of the 
alkyl group. 






































Conditions. | Series. Alkyl bromide. 105R,. %, 10° | ? _——— = 
Olefin. | (Sx2). | Total. Each branch. 
CH 0 
"CHBr 162 87:1 21 141 
CH, 70 
CH,-CH 56 
1 *\cHBr 209 91-4 18 191 
CH,“ 35 
CH,-CH,-CH, 106 
CHBr 166 90-4 16 150 
4n-KOH in CH, 44 
EtOH at 
80-0° CH, 70 
HBr 162 87-1 21 141 
CH, 70 
CH,-CH 156 
2 *cCHBr 209 91-4 18 191 
CH/ 35 
CH,-CH, 102 
HBr 211 96-8 7 204 
CH,-CH, 102 
CH 0-118 
*\cHBr 0-295 80-3 0-058 | 0-237 
CH,’ 0-118 
CH,-CH 0-282 
1 "CHBr 0-422 82:2 0-075 | 0-347 
CH, 0-065 
CH,°CH,°CH. 0-196 
"CHBr 0-343 | 80-7 0-067 | 0-276 
In-NaOEt CH, 0-080 
in EtOH 
at 250° H, (0-118 
CHB: 0-295 80-3 0-058 | 0-237 
H, 0-118 
CH,-CH 0-282 
2 “CHBr 0-422 82:2 0-075 | 0-347 
CH, 0-065 
CHBr 0-455 88-1 0-054 | 0-401 
CH,CH,” 0-200 





The simultaneous substitution and elimination reactions which the same series of secondary 
alkyl] halides undergoes at 80°0° in neutral and acidic ‘‘ 60% ” aqueous ethyl alcohol have also 
been studied. The total reaction, as measured by the development of acidity, is now of the 
first order. In each case, we have measured the total rate constant, k,, and also the proportion 
of olefin formed in the reaction. Since the olefin in these experiments is produced in acidic 
solutions the precautions, described in Part VI (this vol., p. 2041), had to be taken in order to 
obviate error due to loss of formed olefin through the acid-catalysed addition of solvent molecules 
to form an alcohol or an ether. The experimental results are in Table III. The value of the 
rate-constant for isopropyl bromide, as deduced from Hughes, Ingold, and Shapiro’s results 
(loc. cit.) by extrapolation with respect to temperature, is 7°83 x 10-5 sec.-1, and is thus higher 
than that now recorded. The most probable cause of the difference is a slight difference of 
solvent-composition. A still higher value, 9°08 x 10° sec.-1, was recorded by Hughes and 
Shapiro (J., 1937, 1192); but in this case the solutions were deliberately made up in a com- 
plicated way for the purpose of a special comparison, and a difference of solvent-composition 
is to be expected. In the present experiments a single batch of ‘‘ 60% ”’ aqueous alcohol was 
drawn upon for all the rate determinations recorded in Table IIT. 

The unimolecular substitution and elimination reactions, Syl and E1, have a common slow 
stage, viz., the ionisation of the alkyl halide. If we knew that the whole of the observed first- 
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TABLE III. 


First-order vate-constants (k, in sec.-1), and percentages of olefin formed, in the reactions of 
secondary alkyl bromides in neutral and acidic “‘ 60% ” aqueous ethyl alcohol at 80°0°. 





105k. % Olefin. 
Alkyl bromides. 





Determinations. Mean. Determinations. 


7-06, 7-06 7-06 
7-41 
5-61 
5-97 




















order reaction were indeed unimolecular, then we should interpret the first-order rate-constant 
k,, as measuring the rate of ionisation, and the proportion of olefin as giving the ratio in which 
the alkyl carbonium ion, produced by the ionisation, is partitioned in the final, rapid stages of 
substitution and elimination. However, it has been recognised since 1940 that some part. of 
the first-order solvolytic reactions of secondary alphyl halides in aqueous alcoholic solvents 
consist of bimolecular substitutions in which a neutral solvent molecule is the substituting 
agent (Bateman, Cooper, Hughes, and Ingold, J., 1940, 925; Dostrovsky, Hughes, and Ingold, 
J., 1946, 191). The precise proportions in which these bimolecular solvolytic substitutions 
are present are still not exactly known, but attempts to secure definite measurements are in 
hand. From this situation it follows that neither the overall first-order constant, #,, nor the 
proportion of olefin, can safely be concluded to have any simple and exact mechanistic significance. 
However, one may expect that, if the olefin proportions are used in order to analyse the total 
first-order rates into their constituent substitution and elimination rates, then any complications 
arising from the composite molecularity will become concentrated in the substitution constants, 
leaving the elimination constants with the significance of true unimolecular rate-constants. 
The reason for this expectation is that, when the basicity of a nucleophilic reagent is progres- 
sively reduced, its power of attacking hydrogen and thereby producing a bimolecular elimination 
disappears much more rapidly than its power of attacking carbon and thus participating in a 
bimolecular nucleophilic substitution (Hughes, Ingold, Masterman, and MacNulty, Joc. cit.). 
Our knowledge of this phenomenon makes it appear most improbable that bimolecular elimin- 
ations involving solvent molecules as reagent could occur to any significant extent under the 
conditions of our measurements. 

We have analysed the data of Table III on these lines, and the resulting figures are in 
Table IV. They are arranged to show the effects which arise from the progressive lengthening 
of a carbon chain, and from successively introduced 8-linked methyl substituents. Our analysis 
is incomplete in the respect that although the olefins formed from 2-n-butyl and 2-n-amyl 
bromide will certainly be mixtures of isomerides, we have not analysed them owing to the 
difficulties created by the small yields. and have therefore been unable to split up the elimination 
constants, k(E1), into components representing elimination along the different branches of 
the alkyl groups. 

The substitution constants of Table IV show no marked and simple dependence on structure 
within the limits illustrated. This can be explained either on the grounds that the conditions 
are near those of mechanistic change, or by means of the theory that these constants represent 
rates of mixtures of substitution processes of different molecularities and largely opposing 
trends with respect to variation of rate with structure. On the other hand, the elimination 
constants have a simple and easily intelligible connexion with structure. 

We shall here ‘restrict comment on the elimination rates to pointing out the similarity in 
the structural variation of the bimolecular and the unimolecular elimination rates (cf. Tables II 
and IV). In the series isopropyl, sec.-butyl, 2-n-amyl, both the E2 and E1 rates increase fairly 
sharply from the first member to the second, and then decrease less sharply from the second 
to the third. In the series isopropyl, sec.-butyl, 3-n-amyl, both the E2 and E1 rates exhibit 
similar increases from the first to the second, and from the second to the third, of the homologues. 
The further analysis that was possible in the case of the bimolecular eliminations shows that 
every change of rate, no matter what its direction may be, from one compound to another is 
always more than accounted for by a change in the rate of establishment of the olefinic double 
bond in that branch of the alkyl group which has become altered, this effect being partly offset 
by opposite changes of smaller magnitude in the rate of entrance of the double bond into the 
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TABLE IV. 


Analysis of kinetic data for the reactions of secondary alkyl' bromides with “‘ 60% "’ aqueous 
alcohol at 80°0°, showing the variation in the first-order substitution rates and unimolecular 
elimination rates with progressive changes in the structure of the alkyl group. 











Series. Alkyl bromide. 105R,. % Olefin. 105% (“ Syl”). 105R(El). 
CH, 
CHBr 7-06 46 6-74 0-32 
CH,“ 
3 
CH,-CH, 
1 CHBr 7-41 8:5 6-78 0-63 
CH, 
CH,°CH, ‘CH, 
HBr 5-61 6-8 5-23 0-38 
CH, 
CH, 
\\CHBr 7-06 4-6 6-74 0-32 
CH,“ 
CH,-CH, 
2 HBr 7-41 8:5 6-78 0-63 
CH, 
CH, CH, 
CHBr 5-97 15-1 5-07 0-90 
CH, CH,“ 




















alkyl branches which remain similar. The theoretical interpretation of these relationships will 
be considered in Part XVI. 


EXPERIMENTAL. 


Materials —Commercial isopropyl bromide was dried and fractionated: it had b. p. 60°/760 mm. 
2-n-Butyl, 2-n-amyl, and 3-n-amyl bromide were prepared by the action of hydrogen bromide on the 
pure synthetic alcohols. Dried and fractionated, they had b. p. 91-5°/757 mm., 118°/746 mm., and 
117°/758 mm. respectively. The solvent ethyl alcohol was dried by Lund and Bjerrum’s method. A 
large batch of ‘ 60% ” aqueous alcohol was made by mixing 3 vols. of anhydrous ethyl alcohol with 
2 vols. of distilled water at 20°. 

Methods for Kinetic Measurements.—Owing to the considerable concentrations of alkali present in 
the second-order reactions, these were followed by estimating halide ions by Volhard’s method. Portions 
of the reaction mixture, usually 5 c.c., were enclosed in the cold in sealed tubes, which, after being 
heated in the thermostat, were broken each under 100 c.c. of 2-5n-nitric acid (halogen-free) and 60 c.c. 
ofether. The solution was shaken, and the aqueous layer, and a further aqueous extract of the ethereal 
layer, were run into 50 c.c. of ether and a known volume of standard silver nitrate solution. The excess 
of silver was then determined by titration with thiocyanate. In the experiments with sodium ethoxide, 
second-order rate-constants were calculated from the formula k, = {1/t(a — b)}log.{b(a — *)/a(b — %)}, 
where ¢ is the time in seconds, a and b are the initial concentrations of sodium ethoxide and al 
bromide, and *% is the concentration of halide liberated at time #. In the experiments with concentrated 
potassium hydroxide, first-order constants were calculated from the formula k, = (1/é)log.{b/(b — *)} 
where #, b, and # have their previous meanings; and then these constants were converted into second- 
order constants, k,, by division by a, the initial concentration of the alkali. In both cases the second- 
order constants were corrected for the change of volume of the solvent between the temperature at 
which the solutions were made up and measured and the temperature of the thermostat. 

The first-order reactions were also carried out in small sealed tubes, but in this case the development 
of acid was followed. Each tube containing a sample to be analysed was broken under 100 c.c. of acetone, 
and the liberated hydrogen bromide was titrated with standard alkali, with the use of lacmoid as 
indicator. First-order rate-constants were calculated from the formula k, = (1/t)log.{b(o — *)}, where 
the symbols have their previous meanings. 

Method for Olefin Estimations.—The olefins were estimated by the extraction method, even propylene, 
although a correction of 6—8% for losses is necessary in this case (cf. Hughes, Ingold, Masterman, and 
MacNulty, loc. cit.). The estimations of olefin formed in the alkaline solutions were made as described 
in the preceding paper: the amounts of halide ion and olefin simultaneously present at two times, one 
near the beginning and one towards the conclusion of a run, were estimated, and the proportion in 
which the reaction results in olefin was calculated from the differences. The estimations of olefin 
formed in acid solution required a “ pilot’ experiment, in which olefin and halide ion were estimated 
at various times during the course of a run in order to discover the range of times during which the most 
accurate estimates could be made. Such times were used in subsequent estimations. The best times 
are those which allow as long as possible for the development of olefin, before the disappearance of 
olefin, through acid-catalysed solvent-addition, becomes appreciable. The corrections for losses of 
olefin, which are hardly appreciable except in the case of propylene, were determined by blank 
experiments. 

Results of Measurements.—These are summarised in Tables I and III. Examples of the different 
types of measurement are given in Tables V—X. 
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TABLE V. 


Illustrating determinations of fivst- and second-order vate-constants (k, in sec. g.-mol.- 1.; 
k, im sec.) in reactions of secondary alkyl bromides with 4n-ethyl-alcoholic potassium 
hydroxide : isopropyl bromide. 

(Solvent: EtOH. Temp. 80-0°. Initially [PriBr] = 0-1503m and [KOH] = 3-955n. In this 

Table [PriBr] is expressed in c.c. of 0-07333N-thiocyanate per 5 c.c. sample.) 

t(min.). [Pr'Br]. 10*k,. 10%, , #(min.). [Pr'Br}). 104R,. 10*k,. 
0-0 10-25 — — . 15-5 
8-55 60-4 15-2 . . 15-2 

7-01 63-3 16-0 . 15-4 

5-80 63-2 16-0 . 15-0 

5-10 58-1 14-7 . . . 14-9 

4-20 59-5 15-0 . . . 14:8 

2-92 59-8 15-1 . . ome 


(Mean 104k, = 60-3. Mean 104k, = 15-3. Corrected for expansion 104k, = 16-2.) 


TABLE VI. 


Illustrating determinations of olefin proportions in reactions of secondary alkyl bromides with 
4n-ethyl-alcoholic potassium hydroxide : isopropyl bromide (Expt. A). 
(Solvent: EtOH. Temp. 80-0°. Initially [Pr'Br] = 0-1582m and [KOH] = 3-955n. Portions of 
10 c.c. used for estimation of bromide ion and olefin. In the Table the bromide ion is given by the 
silver, measured in c.c. of 0-09065N-thiocyanate, which survives out of 20 c.c. of added standard silver 
nitrate, and the olefin is given by the bromine, measured in c.c. of 0-1686N-thiosulphate, which remains 
out of 10 c.c. of added standard bromine.) 


Initial readings. Final readings. 











Silver. Bromine. Silver. Bromine. 
—_ e me _——- o_o c - — 
22-75 36-6, 36-3, 36-8, 36-4 5-20,5-25 21-4, 21-0, 21-2, 21-8 
22-70 36-7, 36-5, 36-6 5-31 21-6, 21-6, 20-8 
22-73 (mean) 36-55 (mean) 5-27 (mean) 21-20 (mean) 
(Proportion of olefin = 81-8%. Proportion corrected for losses = 88-0%.) 


TaBLeE VII. 


Illustvating determinations of second-order vate-constants (k, in sec.-1 g.-mol.-* 1.) in reactions of 
secondary alkyl bromides with 1n-alcoholic sodium ethoxide : isopropyl bromide. 


(Solvent: EtOH. Temp. 25-0°. Initially [PriBr] = 0-2054m and [NaOEt] = 0-9783n. In the 
Table [PriBr] and [NaOEt] are both expressed in c.c. of 0-09049N-thiocyanate per 5 c.c. sample.) 
#(min.). [NaOEt].  [Pr'Br]. 10. in.). [NaOEt]. [PriBr). 

0 54-06 ° -- 47-81 5-10 
53-84 \° 2-90 47-26 4-55 
53-68 o 2-95 46-41 3- 70 
53-31 ° 2-96 45-71 
52-76 ° 2-83 45-51 
51-76 . 2-91 45-14 
61-01 , 2-90 44-86 
50-11 . 2-77 43-21 
49-11 ° 2-92 43-09 
48-31 ° 3-02 o * 42-71 

(Mean 10%, = 2-88. Corrected for expansion of solvent, 10%, = 2-95.) 


TABLE VIII. 


IUustrating determinations of olefin proportions in reactions of secondary alkyl bromides with 
1n-alcoholic sodium ethoxide : isopropyl bromide (Expt. A). 

(Solvent: EtOH. Temp. 25-0°. Initially [PriBr] = 0-1815m and [NaOEt] = 0-9784n. Portions 
of 10 c.c. used for the estimation of bromide ion and olefin. In the Table the bromide ion is given by 
the silver, measured in c.c. of 0-0899N-thiocyanate, which survives out of 20 c.c. of added silver nitrate, 
and the olefin is given by the bromine, measured in c.c. of 0-2556N-thiosulphate, which remains out of 
10 c.c. of added standard bromine.) 


Initial readings. Final readings. I 

















4 ° _— - ° 
Silver. Bromine. % Bromine. 
A A 


—_—_ ¢ ‘ o_ t = 

26-10 25-12, 24-85, 24-80 , 13-25, 14-18, 13-65 

26-10 24-40, 24-45, 24-60 5-90 14-13, 13-85, 13-45 
26-10 (mean) 24-70 (mean) 5-91 (mean) 13-75 (mean) 


(Proportion of olefin = 77-1%. Proportion corrected for losses, 82-7%.) 
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TABLE IX. 
Illustrating determinations of first-order vate-constants (k, im sec.) in reactions of secondary 
alkyl bromides in initially neutral aqueous ethyl alcohol : isopropyl bromide (Expt. A). 


(Solvent: ‘ 60%” aqueous EtOH. Temp. 80-0°. Initially [Pr'Br] = 0-1341m. In the Table 
(PriBr] is expressed in c.c. of 0-0514N-alkali per 5 c.c. sample.) 


t(min.). ([PrBr]. 105%, | ¢(min.). ([PriBr).  105R,. 
0 13-05 _ 184 6-00 7-03 

10 12-50 7-14 219 5-20 7-00 

20 12-00 6-96 254 4-48 7-01 

30 11-48 711 314 3-40 7:14 

45 10-80 7-00 374 2-70 7-02 

59 10-10 7-23 464 1-85 7-01 

79 9-24 7-28 554 1-20 1-17 
104 8-48 6-90 634 0-85 7-18 
144 7-15 6-96 1352 0-40 fon 





(Mean 108%, = 7-06.) 


TABLE X. 


Illustrating determinations of olefin proportions in reactions of secondary alkyl bromides in 
initially neutral aqueous ethyl alcohol : isopropyl bromide (‘‘ Pilot’’ Expt. A). 
(Solvent: ‘“‘60%° aqueous EtOH. Temp. 80-0°. Initially [Pr'Br] = 0-1482m. Portions of 
10 c.c. taken for estimation of acid and olefin. In the Table the acid is expressed in c.c. of 0-07142n- 


alkali, and the olefin is given by the bromine, measured in c.c. of 0-1176N-thiosulphate, which survives 
out of 5 c.c. of added standard bromine.) 








Acid. Bromine. Olefin, %. 
t (min.). Readings. Mean. Readings. 4 Mean. ‘Uncorr. ’ Corr. 
——_ 
0 050s = 80a gs" east 2580 — - 
92 oa 7-20 eae on 25-28 3-90 4-20 
142 es 9-85 34.00, 25-31 25-06 4-75 5-12 
214 aan 12-90 ean aea? 25-48 0-80 0-87 
390 aoa 17-06 i oo 25-56 0-19 0-20 
1080 ~ 21-25 3540, 30-40 25-62 on on 


(In consequence of these results, the readings in the main series of experiments were taken initially 
and after times in the range 90—150 mins. In these experiments portions of 30 c.c. were taken for the 
olefin estimation in order to increase the accuracy.) 


Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University COLLEGE, Lonpon, W.C.1. [Received, January 15th, 1948.] 





421. Mechanism of Elimination Reactions. Part XI. Kinetics of Olefin 
Elimination from tert.-Butyl and tert.-Amyl Bromides in Acidic and 
Alkaline Alcoholic Media. 


By M. L. Duar, E. D. HuGues, and C. K. INGoLp. 


Data are recorded to show the effect of homology on the rates of the constituent substitutions 
and eliminations which tertiary alkyl bromides undergo in bimolecular reactions with ethoxide 
ions, and also in unimolecular reactions in anhydrous ethyl alcohol. In this solvent the 
unimolecular reactions of tertiary alkyl bromides tend to predominate, and in the present 
experiments it was not found possible to isolate bimolecular processes; however, it was possible, 
by the use of considerable concentrations of ethoxide ions, to give them a dominating 
importance in the total reaction. #ert.-Butyl and ¢ert.-amyl bromides were studied, and the 
amylenes produced from the latter were analysed, in order to permit the division of the elimin- 
ation rates and proportions into those parts which apply to the establishment of the double 
bond in the separate branches of the tertiary alkyl groups. 

The bimolecular eliminations of these compounds in ethyl-alcoholic sodium ethoxide proceed 
considerably more rapidly than do the corresponding reactions of the simpler secondary and 
primary alkyl bromides; and they proceed too rapidly to permit the measurement of anything 
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more than limits to the rates of the accompanying bimolecular substitutions. Bimolecular 
elimination proceeds more rapidly in the ¢ert.-amy] than in the éert.-butyl group, and rather more 
than the whole difference is represented by the increased rate of establishment of the double 
bond in the alkyl branch which becomes lengthened in the #ert.-amyl group. This is interpreted 
in Part XVI. 

The rate of the overall unimolecular reaction is greater for the ¢evt.-amyl than for the 
tert.-butyl compound. The rate of unimolecular substitution is increased, but the proportion 
of such substitution is decreased, in the higher homologue. The rate, and the proportion, of 
unimolecular elimination are increased in the amylcompound. The increase of elimination rate 
is due to a large increase in the rate of establishment of the double bond in the alkyl branch 
which becomes lengthened, reinforced by smaller increases in the rate at which it enters the 
branches which remain similar in the two compounds. The increase in the proportion of 
elimination is the net result of a large increase in the proportion in which the double bond 
enters the lengthened alkyl branch, partly off-set by notable decreases in the proportions in 
which it enters the other alkyl branches. The theory of these relationships is given in Part XVI. 


TuIs paper carries into the field of tertiary alkyl halides our study of constitutional effects on 
the bi- and uni-molecular reactions of substitution and elimination which alkyl halides may 
undergo. The general effect of passing from the secondary to the tertiary alkyl series is that 
the unimolecular mechanisms of both substitution and elimination achieve a much greater 
relative importance. This is not primarily because the bimolecular reactions of the tertiary 
halides are slow : the bimolecular eliminations have been found to be faster in the tertiary series 
than in the secondary. The main cause of the shift of relative importance amongst the 
mechanisms is that the unimolecular reactions of both substitution and elimination are very 
much more rapid with tertiary alkyl halides than with secondary. 

One effect of this is to remove the uncertainty, which prevailed through part of our study of 
the series of secondary halides, as to how much of an observed first-order substitution is 
unimolecular in mechanism and how much is a bimolecular solvolytic process. There is ample 
evidence that the observed first-order substitutions of tertiary alkyl halides are wholly 
unimolecular. It is equally definite that the first-order eliminations, which are probably 
entirely unimolecular even in the secondary alkyl series, are also wholly unimolecular in the 
tertiary series. 

The principal complication which attends the study of the tertiary halides is that, in the 
hydroxylic solvents employed in this work, we can no longer kinetically isolate the bimolecular 
reactions from accompanying unimolecular processes. However, we have been able to give to 
the bimolecular eliminations a sufficient predominance in composite reactions to enable the 
bimolecular elimination rates to be measured with the requisite accuracy. 

As with secondary, so also with tertiary, alkyl halides, different olefins can be formed in 
suitable cases by elimination along non-equivalent branches of the alkyl chain. The first-order 
and second-order elimination rates are then composite, and have to be split into the rates of the 
component simultaneous processes by means of data obtained for the purpose by analysis of the 
formed mixtures of isomeric olefins. 

The tertiary alkyl halides thus studied were #ert.-butyl and #ert.-amyl bromides. The 
former can give but one olefin, isobutylene, whilst the latter gives mixtures of amylenes, viz., 
trimethylethylene and 1l-methyl-l-ethylethylene. Anhydrous ethyl alcohol, rather than an 
aqueous mixture, was employed as solvent, in order to keep the rates of the unimolecular 
reactions within manageable bounds, and to give as much assistance as possible to thebimolecular 
processes. Even then the latter could be made to dominate only by the use of considerable 
concentrations of sodium ethoxide. The temperature throughout the series of measurements 
was 25-0°. 

For each alkyl halide a number of sets of measurements were made. From set to set the 
initially introduced sodium ethoxide was varied from none to a large excess, the reacting solutions 
being of three general types, viz., weakly acidic, weakly alkaline, and strongly alkaline. Each 
set of experiments included at least two types of measurements, viz., that of the total first-order 
rate-constant, and that of the proportion in which the total reaction produces olefin. The sets 
of experiments on ¢ert.-amyl bromide included also analyses of the mixtures of isomeric olefins 
generated in each of the three types of solution mentioned above. From the results of these 
measurements it was possible to extract the required rate-constants. 

The results of the measurements of total rates and olefin proportions are given in Table I. 
The following remarks are necessary in further explanation of the figures. The rates are 
expressed as first-order rate-constants, and this was always possible, whatever the dominant 
mechanism, because the concentrations were suitably chosen: the alkali was either absent, so 
that only unimolecular reactions took place, or it was so dilute that unimolecular reactions 
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predominated, or it was so concentrated that, although bimolecular reactions predominated, the 
alkali remained in substantially constant excess, giving rise to first-order reactions. In those 
olefin estimations which were made in the absence of initially added sodium ethoxide, the 
usual precautions were taken to avoid loss of formed olefin through acid-catalysed addition of 
the solvent: the olefin concentrations were measured at various times during the course of a 
run, and compared with the amounts of total reaction at corresponding times. At the concen- 
trations employed, it was found that the first half-life of the reaction could safely be used for the 
olefin estimations. In the olefin measurements which were carried out with alkaline solutions, 
the initial concentration of sodium ethoxide was so adjusted that the mean alkalinity during the 
production of the measured olefin was the same as the mean alkalinity during the corresponding 
measurement of the total rate, to the degree of approximation warranted by the limits of 
accuracy of the olefin determinations. In these runs, the olefin concentration and the total 
reaction were measured at two times, one near the beginning and one towards the end of the 
reaction, and the proportion in which the reaction produces olefin was calculated from the 
differences. 

TABLE I. 


First-order vate-constants (k, in sec.-1), and percentages of olefin formed, in the reactions of 
tertiary alkyl bromides in dry ethyl alcohol, and with ethyl-alcoholic sodium ethoxide in 
various concentrations, at 25°0°. 











Total reaction rate. Proportion of olefin. 
Initial [RBr]. | Initial [(NaOEt].| 105%,. | Initial [RBr]. | Initial [NaOEt].|  % Olefin. 
tert.-Butyl bromide. 
(mean) 
0-10350 0 0-451 0-02061 0 19-0 19-0 
0-01710 0-0250 25-3 ’ 
0-01709 0-02386 0-522 0-01454 0-0272 26-4 25-9 
0-07050 0-1013 44-4 
0-06397 0-0828 0-637 een 0.1013 a7 46-1 
0-09974 1-01 90- , 
0-03837 1-015 3-29 ee ro 90-0} 913 
0-03837 2-011 4-20 — _ _ _ 
tert.-Amyl bromide. 
0-07278 0 1-09 0-03895 0 oan 36-3 36-3 
0-01577 0-0267 45-9 
0-07380 0-1013 57-8 
0-09260 1-012 97-9 
0-03430 2-011 7-02 —_— —_ —_ —_ 























An analysis of these results is contained in Table II. The method is as follows. Each 
first-order rate-constant, k,, for the total reaction is split into two component parts, the first- 
order rate-constants referring to substitution and to elimination, with the aid of the relevant 
olefin proportion. These first-order substitution and elimination constants are tabulated as 
k(S,1) and k(£1), respectively, although these labels are partly misnomers. However, one 
notices that, for each alkyl halide, the figures for k(Syl) are independent of the alkali 
concentration to within the limits of precision set by the least accurate of the measurements, 
viz., those of the olefin proportions. This shows that these constants are true unimolecular 
substitution constants, and are correctly labelled &(S,1). On the other hand, of the first-order 
elimination constants, tabulated as k(E1), the majority clearly represent the rates of reactions 
of composite molecularity, and that is why, in the Table, most of these first-order constants are 
given in parenthesis. Each such constant has a part which is independent of the alkali and a 
part which depends on the concentration of alkali. Only for the experiments in initially 
neutral solutions do the first-order elimination constants represent true unimolecular constants, 
correctly labelled A(E1). In the other cases, that part of the-first-order rate which depends on 
the alkali is evidently due to a process of bimolecular elimination. It follows that, by dividing 


the increase in the first-order elimination constant, resulting from the addition of alkali, by the 
6s 
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mean concentration of alkali, one can arrive at the bimolecular elimination rate-constant 
k(E2). The values of this constant, given in Table II, were obtained by first deriving constants 
thus, and then correcting them for the change in volume of the solvent between the temperature 
at which the solutions were prepared for the rate measurements and the temperature of the 
reactions themselves. The values of these bimolecular constants can be seen to fall notably at 
the highest concentrations (1n and 2n) of alkali, and this is undoubtedly a salt-effect. The 
bimolecular eliminations, as well as the bimolecular substitutions, by anionic reagents, of alkyl 
halides should exhibit substantial negative salt-effects, owing to the spreading of the anionic 
charge in the transition state of reaction (cf. Dostrovsky, Hughes, and Ingold, this vol., p. 1283). 
In fact, such salt-effects are known for the bimolecular substitutions and eliminations of primary 
and secondary alkyl bromides (Hughes, Ingold, Masterman, and MacNulty, J., 1940, 899); 
and they are of just the same order of magnitude as the effects now found for the bimolecular 
eliminations of tertiary alkyl bromides. 
TABLE II. 


Analysis of kinetic data for the reactions of tertiary alkyl bromides in ethvl alcohol and with 
ethyl-alcoholic sodium ethoxide at 25°0°, showing the rate-constants [k,, k(S,1) and k(E1) 
in sec.-*, and k(E2) in sec.-1 g.-mol.- 1.] of the constituent veactions,.4 





Mean [NaOEt]. 105%,. % Olefin. 105k(Sx1). 105&(E1). 10°R(E2). 





tert.-Butyl bromide. 
0-451 
0-522 
0-637 
3-29 
4-20 


‘ 0-695 
0-0152 . . 0-623 
0-0527 . ‘ 0-690 
0-996 . . ° — 
] 994 ° . — 




















1 The bimolecular substitution constant k(Sy2) is too small to be extracted from the measurements, 
but the estimated errors in the olefin proportions allow the following upper limits to be deduced: for 
tert.-butyl bromide k(Sy2) <0-1 x 10~, and for éert.-amyl bromide &(Sy2) <0-2 x 10 sec.“ g.-mol.— 1. 

2 Value rendered inaccurate by its dependence on the small difference between the two percentages 
19-0 and 25-9% of olefin. 


3 Values rendered uncertain by their dependence on the differences from 100 of the high olefin 
percentages 91-3 and 93-2%. 


« Calculated from the rate-constants and the other percentages of olefin for the same alky] halide. 


The determinations of the separate amylenes in the mixture of isomerides liberated from 
tert.-amy] bromide required quantities of olefin such that certain precautions had to betaken. In 
all cases the alkyl halide was initially 0°85—0°88m. If the experiment in acid solution had been 
conducted in the usual way, there would have been an equivalent generation of hydrogen 
bromide, which would have induced acid-catalysed solvent-addition to the olefins, and might 
have done so in such a way as to disturb the proportions. The method was therefore to add an 
indicator, and to prevent the solution from becoming more than weakly acid by the frequent 
addition of small amounts of alcoholic sodium ethoxide during the run. In the experiment in 
dilute alkaline solution, it was obviously inadmissable to add an equivalent of sodium ethoxide 
initially, and therefore, here again, an indicator was used, and small amounts of alcoholic sodium 
ethoxide were added at sufficiently frequent intervals to maintain the solution only very weakly 
alkaline. In the experiment in strongly alkaline solution an initially added excess of sodium 
ethoxide was used. In each case the olefins from the complete reaction were collected, freed 
from non-isomeric impurities, and analysed by the measurement of refractive index. The 
experimental results are in Table III. 

By the use of the rate data in Table II, it is readily possible to extract from the result in 
Table III the proportions in which the isomeric olefins are produced by each of the two 
mechanisms of eliminations. These proportions, as well as the rate-constants of the four 


component reactions by which the two olefins are produced by the two mechanisms, are given in 
Table IV. 
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TaBLe III. 


Composition of amylenes obtained from tert.-amyl bromide by reaction in ethyl alcohol and with 
ethyl-alcoholic sodium ethoxide at 250°. 





























OEFt}. 
Expt. [AmtBr] (NaO 9% o% 
no. initial: | —Jniuial, — Me,C:CHMe. | MeEtC:CH,. 
l 0-882 (None: solution weakly acid) 81-6 18-4 
2 0-854 Very dilute Very dilute 81-7 18-3 
3 0-855 2-05 1-62 71-9 28-1 
TaBLeE IV. 


Compositions of amylenes produced by bi- and uni-molecular elimination from tert.-amyl 
bromide in ethyl alcohol at 25°. Rate-constants [k(E2) in sec. g.-mol.-1 1.; k(E1) im sec.-*] 
of the component processes of elimination. 

















Percentages. Rate-constants.* 
M h: i . t A —— : A a 
eehanism- |Me,C:CcHMe. MeEtC:CH,. Me,C:CHMe. MeEtC:CH,. 
E2 71-1 28-9 10°%(E2) 6-72 2-72 
El 81-7 183 | 10*H(E1) 0-323 0-072 











* Ionic strengths in the neighbourhood 0-05. 


We now collect corresponding results for ¢ert.-butyl and éert.-amyl bromide, not only to show 
the effects of homology in these examples, but also to facilitate comparison with the analogous 
data for primary and secondary alkyl halides, given in the two preceding papers. In Table V 
the rate-constants for the bimolecular eliminations undergone by the two tertiary halides are 
given both in their collective form and with respect to elimination along each of the three 
branches of the tertiary alkyl chain. In Table VI the kinetic data for unimolecular substitution 
and elimination are similarly compared, with such particulars as are demanded by the circum- 
stance that these reactions have two stages, both requiring consideration. 


TABLE V. 


Comparison of rate-constants [k(E2) in sec. g.-mol.-1 1.] for bimolecular elimination from tertiary 
alkyl bromides in ethyl-alcoholic sodium ethoxide at 25°. 

















Alkyl 10%(E2) ([NaOEt] ~0-05). | 10%(E2) ([NaOEt] ~1-0). 

halide. "Total. Per branch. | Total. Per branch. 
CH, 1-39 1-00 
CH,—-CBr 4:17 1-39 3-00 1-00 
CH,” 1-39 1-00 
CH,-CH, 6-72 4-20 

CH Br 9-44 1-36 5-90 0-85 

CH; 1-36 0-85 











We direct attention to the following points. The figures for the rates of bimolecular 
elimination from alkyl bromides (Table V) show that elimination proceeds more rapidly from 
the tert.-amyl than from the #ert.-butyl group, and that the increase is due entirely to the increased 
rate of establishment of the olefinic double bond in that alkyl branch which becomes lengthened 
in the tertiary amyl group. As to the unimolecular reactions, the rate of the overall reaction 
is greater for the fert.-amyl compound than for the lower homologue. The rate of the 
unimolecular substitution is increased, but the proportion of unimolecular substitution is 
decreased, in the higher homologue. The rate of unimolecular elimination is also greater for 
tert.-amyl than for ¢ert.-butyl bromide; and this result is due to a large increase in the rate of 
formation of the double bond in that alkyl branch which becomes lengthened in the tertiary 
amyl compound, reinforced by small increases in the rate at which it enters the alkyl branches 
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TaBLeE VI. 


Comparison of vate constants [k,, k(Syl) and k(El) im sec] and olefin proportions in uni- 
molecular substitutions and eliminations of tertiary alkyl bromides in ethyl alcohol at 25°. 

















| 108e(E1). % Elimination. 
Alk in 
10k, | 10°&(Syl). | « + . ‘ A = 
AlkBr. . (Sul) Total. Per branch. Subn. Total. Per branch. 
Bs 0-029 63 
COCH, 0-45 0-365 0-086 0-029 81-0 19-0 6-3 
\CH, 0-029 6-3 
//CHy CH, 0-323 29-6 
CECH, 1-09 0-695 0-395 0-036 63-7 36-3 33 
CH, 0-036 3-3 




















which remain similar in both compounds. The proportion of unimolecular elimination is likewise 
greater for ¢ert.-amy] than for ¢ert.-butyl bromide; but this is the net result of a big increase in 
the proportion in which the double bond enters the lengthened alkyl branch of the é#rt.-amyl 
group, partly off-set by marked decreases in the proportion in which it becomes established in 
these alkyl branches which remain similar in the two homologues. The theory of these 
relationships will be discussed in Part XVI. 


EXPERIMENTAL. 


Materials.—tert.-Butyl and ¢ert.-amyl alcohols were converted into their bromides by shaking with 
concentrated aqueous hydrogen bromide at room temperature. After being dried with potassium 
carbonate, py eg had the respective b. p.s 74°/756 mm. and 106°/756 mm. 

Method of Kinetic Measurements.—In the pe om in initially neutral or dilute alkaline solution, 
the samples for analysis were withdrawn from the solution in bulk, which was contained in a stoppered 
measuring flask immersed in the thermostat. The acid or alkaline samples, usually 5 c.c., were run 
into 100 c.c. of well-cooled acetone or ethyl alcohol, and titrated with standard i or acid, lacmoid 
being used asindicator. Experiments in the more strongly alkaline media were conducted by the sealed- 
bulb method, and the determination of residual alkali was replaced by a determination of the liberated 
halide ion by Volhard’s method. In the experiments in initially neutral solution, the “ infinity ” titres 
were obtained after dilution with water, in order to eliminate any error in these quantities arising from 
the slight reversibility of alcoholysis. In all cases first-order rate-constants were calculated from the 
expression k, = (1/#)log.a/(a — x), where # is the time in seconds, @ is the initial concentration of the alkyl 
bromide, and # is its concentration at time ¢. 

Method for Olefin Proportions.—The extraction method was used (cf. the two immediately preceding 


apers.) 
Method for Analysis of Amylene Mixtures.—Pure specimens of trimethylethylene and 1-methyl-1- 
ethylethylene were obtained, the first from a commercial sample by careful distilla illation through an 
efficient column, and the second from 2-methyl-n-butyl alcohol by way of the bromide. They had the 
refractive indices n}?*° 1-38774 and n?° 1-37774, respectively, in close agreement with the values reported 
by Sherrill and Walter (J. Amer. Chem. Soc., 1936, 58, 742); and the refractive indices of mixtures 
fitted a linear interpolation formula. The reaction mixtures from which the olefin was to be collected 
for analysis, were diluted with water; and the olefin was then isolated by distillation, washed with water, 
dried, and distilled. Its refractive index was measured, and its composition therefrom deduced. 
Results of Measurements.—The principal numerical results are given in Tables I and III. The 
different types of measurement are illustrated by more detailed records contained in Tables VII—XII. 


TABLE VII. 


Illustrating determinations of first-order vate-constants (k, in sec.) of the reactions of tertiary 
alkyl bromides with initially neutral ethyl alcohol: tert.-butyl bromide. 


(Solvent: EtOH. Temp. 25-0°. Initially [ButBr] = 0-1035m. In the Table [Bu‘Br] is expressed 
in c.c. of 0-03449N-alkali per 5 c.c. sample.) 


#(min.). ([ButBr]. 108%,. #(min.). [ButBr]. 10k. 
0 15-01 —_ 1,859 9-09 4-49 
104-4 14-59 52 2,070 8-59 4-49 
274-0 13-95 4-50 3,057 6-42 4-63 
428-3 13-40 4-41 4,706 4-15 4-55 
598-9 12-83 4-37 5,874 2-90 4-66 
1339 10-49 4-46 7,360 1-90 4-67 
1376 10-34 4-51 10,080 1-05 4-40 
1616 9-69 4-51 Mean 4°51 
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Illustrating determinations of olefin proportions in reactions of tertiary alkyl bromides in 


estimation of acid and olefin. 


TABLE VIII. 





Mechanism of Elimination Reactions. Part XI. 


initially neutral ethyl alcohol: tert.-amyl bromide. 
(Solvent: EtOH. Temp. 25-0°. 


of added standard bromine.) 


Initially [AmtBr] = 0-03895m. Portions of 20 c.c. taken for 
In the Table the acid is expressed in c.c. of 0-02513N-alkali, and the 
olefin is given by the bromine, measured in c.c. of 0-05128N-thiosulphate, which remains out of 10 c.c. 








Acid. Bromine. 
¢ (min.). Readings. Mean. ‘ Readings. Mean. Olefin, % 

0 0-60, 0-60 0-60 12-85, 12-90, 1288 12-87 ane 

295 5-40, 5-50 5-45 11-00, 11-00, 11-40 11-13 36-6 
345 6-80, 6-80 6-80 10-70, 10-60, 10-65 10-65 36-5 
510 8-55, 8-45 8-50 9-95, 9-85, 10-15 9-98 37-3 
870 12-65, 12-65 12-65 8-45, 8-90, 8-60 8-65 35-8 
1200 15-70, 15-80 15-75 7-65, 7-75, 7-60 7-66 35-1 
Mean 36-3 

TABLE IX. 


Illustrating determinations of first-order rate-constants (k, in sec.-') in reactions of tertiary 


alkyl bromides with dilute ethyl alcoholic sodium ethoxide : tert.-butyl bromide. 


(Solvent: EtOH. Temp. 


25°. 


Table [ButBr] is expressed in c.c. of 0-0211N-acid per 10 c.c. sample.) 


t (min.). 


161-6 
276-2 
391-3 
506-5 
1296 


Illustrating determinations of first-order rate-constants (k, in sec.-1) in reactions of tertiary 
alkyl bromides with concentrated alcoholic sodium ethoxide : tert.-butyl bromide. 


Initially [ButBr] = 0-03837m and [NaOEt] = 1-016n. 


(Solvent : 


EtOH. Temp. 25°. 


[ButBr]. 
8-10 
7-70 
7-43 
7-18 
6-95 
5-38 


10%%,. | #(min.). 

— 1470 
§-22 1871 
§-21 2863 
5-14 3300 
5-04 4516 
5-26 6103 

TABLE X. 


Table [ButBr] is expressed in c.c. of 0-0234N-thiocyanate.) 


(Solvent: EtOH. Temp. 


[ButBr]. 
8-20 
7-39 


6 
6- 
6 
5 


25-0°. 





10°. t (min.) 
—_ 268-0 
3-36 344-5 
3-36 404-6 
3-35 484-3 
3-26 523-5 
3-33 577-4 
TABLE XI. 





29-80 
29-80 (mean) 








o — 
Bromine. 





“ 


47-15, 47-01, 47-15 


47-10, 47-20 
47-20, 47-10 
47-13 (mean) 


Proportion of olefin = 87-8%. 


Initially [ButBr] = 0-01709m and [NaOEt] = 0-02386n. 


[ButBr]. 108R,. 
5-10 5-23 
4-45 5-33 
3-16 5-48 
2-75 5-45 
2-05 5-07 
1-20 5-31 

Mean 5-22 


[ButBr]. 


4-95 


105R,. 
3-14 
3°24 
3-16 
3-46 
3-31 
3-26 
Mean 3-29 


Illustrating determinations of olefin proportions in reactions of tertiary alkyl bromides with 
ethyl-alcoholic sodium ethoxide : tert.-butyl bromide (Expt. A). 


Initially [ButBr] = 0-09974m and [NaOEt] = 1-0121n. Portions 
of 20 c.c. used for estimations of bromide ion and olefin. In the Table the bromide ion is given by the 
silver, measured in c.c. of 0-07333N-thiocyanate, which remains out of 10 c.c. of added standard silver 
nitrate, and the olefin is given by the bromine, measured in c.c. of 0-09737N-thiosulphate, which survives 
out of 10 c.c. of added standard bromine.) 


Initial readings. 








Final readings. 
Silver. Bromine. 
_ f ae » 
2-55 10-95, 11-60, 11-00 
2-65 11-20, 11-10, 11-05 
2-60 11-20, 11-25 
2-60 (mean) 11-16 (mean) 





Corrected for losses = 90-0%. 
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TABLE XII. 


Particulars of experiments on the composition of the mixture of amylenes obtained from tert.-amyl 
bromide by reaction in acidic or alkaline ethyl alcohol. 








Initial Initial Time at Yield, 20° 
Am'Br (g.). | EtOH (c.c.). [(NaOEt]. 25° (hrs.). | olefins (g.). "D- 
200 1500 None: just acid 146 —} 1-38590 
155 1200 Just alkaline 130 30 1-38591 
155 1200 2-05n? 12 70-5 1-38493 




















1 Yield not measured. 
2 Initial value. 
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422. Mechanism of Elimination Reactions. Part XII. Kinetics of Olefin 
Eliminations from Ethyl-, n-Propyl-, n-Butyl, isoButyl-, and 2-Phenyl- 
ethyl-dimethylsulphonium Salis in Alkaline Alcoholic Media. 


By E. D. HuGues, C. K. INGoLp, and G. A. Maw. 


Data are recorded to show the effects of certain constitutional changes on the rates of the 
substitutions and eliminations which primary alkyl-dimethylsulphonium ions undergo in 
bimolecular reactions with ethoxide ions in anhydrous ethyl alcohol as solvent. The structural 
effects studied are those of increasing chain length, of successively introduced f-linked methyl 
substituents, and of a B-phenyl substituent. 

The substitutions are composite, since either methyl or the higher alkyl group may be 
displaced from the sulphonium ion in the bimolecular substitution. In the case of the dimethyl- 
2-phenylethylsulphonium ion, which shows an outstandingly large rate of total bimolecular 
substitution, an analysis of products was made which allows the total substitution rate to be 
divided into its components. It is thus shown that the increase of substitution rate caused 
by the phenyl] substituent is due mainly to the increased rate of displacement of the 2-phenyl- 
ethyl group itself, and not to any effect of this phenylated group on the rate of displacement 
of a methyl group. This effect of the phenyl substituent is regarded as essentially polar. 

The bimolecular eliminations are simple reactions. Their rates fall with increasing length 
of the alkyl chain, fall on the introduction of B-linked methyl substituents, and show a striking 
rise on the introduction of a f-phenyl substituent. These effects, which are considered 
theoretically in Part XVI, show some marked contrasts with those displayed by the correspond- 
ing reactions of primary alkyl bromides. 


Tus paper records the first part of a systematic study by kinetic methods of the effect of 
chemical constitution on the facility of olefin elimination from alkylsulphonium ions. As 
with the olefin-forming reactions of alkyl halides, so also with those of alkylsulphonium ions, 
nucleophilic substitutions usually accompany the eliminations (in the following formule the 
R’s need not be identical) : 


©. Oeepece ee. « +e ss te 
R,CH-CR,SR, ——_> 1° * * 
CHCRYSR, ie 4 aa 4 tm . /. . + oo ee 


It is also just as true for the decompositions of alkylsulphonium ions as it is for those of alky} 
halides, that the concurrent reactions of substitution and elimination can each pursue either 
of two mechanisms, viz., the bi- and uni-molecular mechanisms which we label S,2 and Syl 
for substitution and E2 and £1 for elimination. Thus, in the general case, four component 
reactions have to be distinguished and separately considered with respect to the effect of alkyl 
structure on their rates : 
S SOG eG. hk st tt te tl 
mn +REOR, +OR,. . . . . . « (E2) 


+ X /R,CH-‘CR,X+SR, . . . (Syl) 
4 ane + Oya? tek +R,C:CR,+SR, . . (El) 


R,CH-CR,SR, 


Kinetic analyses involving all these reactions will be described in the present group of papers. 
In this paper we are concerned with a series of sulphonium ions in which the alkyl radical, 
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represented in the above general formule by R,CH’CR,°, is a primary radical of the form 
R,CH’CH,’, where either R may be H, Me, Et, or Ph. For such primary alkylsulphonium 
ions chief importance attaches to the bimolecular mechanisms of substitution and elimination ; 
and by operating with ethoxide ions as the reagent, and in dry ethyl alcohol as the solvent, we 
can arrange that these reactions, S,2 and E2, shall take exclusive control : 


= R,CH-CH,OEt +SR, . . . . « (Sy2) 

R,CH-CH,SR, + OEt —> lapee +R,CHiCH,+SR, . . . (E2) 
Each component reaction thus exhibits second-order kinetics, and hence the overall reaction 
is of this kinetic form. ' 

Second-order kinetics for bimolecular elimination (E2) from sulphonium ions has been 
previously established in the following cases. (1) The overall decomposition of dithian 
methohydroxide, {S<[(CH,°CH,], >SMe}*OH-, in water was shown by Green and Sutherland 
to be a reaction of the second order (J., 1911, 99, 1174), Mansfield (Ber., 1886, 19, 696, 2658) 
and V. Meyer (ibid., p. 3262) having previously proved that the main product of the reaction 
is the ethylene derivative, MeS-CH,*CH,°S‘CH:CH,. (2) Hughes and Ingold showed that 
trimethyl-2-phenylethylammonium hydroxide in aqueous solution yielded styrene by a reaction 
of the second order (j., 1933, 523). (3) The same authors established that, in the aqueous 
decomposition of dimethyl-tert.-butylsulphonium hydroxide, {SMe,Bu'}+OH-, isobutylene is 
formed mainly by a reaction of the second order (E2), even though the accompanying sub- 
stitution, which produces #ert.-butyl alcohol, is a reaction of the first order (Syl) (J., 1933, 
1571). (4) Gleave, Hughes, and Ingold established that formation of ethylene by the decom- 
position of triethylsulphonium hydroxide in water or aqueous alcohol is a second-order process 
(J., 1935, 235). (5) Similar kinetics were established for the production of propylene by the 
decomposition of methyldiisopropylsulphonium hydroxide in aqueous alcohol (idem, ibid.). 


+ 

The sulphonium ions now studied were all of the type alkyl-diméthylsulphonium, AlkSMe,, 
the variable group Alk being chosen in order to illustrate the following three types of pro- 
gressive structural change. (Series 1.) The series Alk = ethyl, n-propyl, n-butyl illustrates 
effects due to the progressive lengthening of the alkyl chain. (Series 2.) The series ethyl, 
n-propyl, isobutyl illustrates the effect of successively introduced f-linked methyl groups up 
to the limit set by the necessity of retaining one B-hydrogen atom. (Series 3.) The series 
ethyl, n-propyl, 2-phenylethy]l shows the relative magnitude of effects attributable to the capacity 
for hyperconjugation displayed by the terminal methyl group of m-propyl and to the power of 
ordinary conjugation possessed by the phenyl group in 2-phenylethyl. 

The reactions of the iodides of all these sulphonium ions with sodium ethoxide in ethyl 
alcohol were studied at 63°9°. They show, as they should, a negative salt effect, a detailed 
investigation of which will be published later. For the purpose of our structural comparisons 
we have therefore used approximately the same initial concentrations in all cases, viz., 0-05m- 
sulphonium iodide and 0-095m-sodium ethoxide. We find in each case two second-order 
reactions, Sy2 and E2. The first-order reactions Syl and El do not become appreciable in 
any of the examples treated. Our procedure was therefore to measure the rate constant, hy, 
of the total second-order reaction, S,2 + E2, by following the loss of alkali, and then to divide 
it into its components, k(Sy2) and k(E2), on the basis of a measurement of the proportion in 
which olefin is produced. The proportion should, of course, remain constant through the 
course of the change; and it was in fact shown to do so, such a demonstration being possible 
in these alkaline conditions, because the olefins, when once formed, do not become destroyed 
by interaction with the solvent, as they do in acidic solutions. The constancy of the olefin 
proportion with time having been shown, further measurements of the olefin proportion were 
usually made towards the end of reaction, for the sake of the greater accuracy thus attainable. 

Table I contains the main series of measurements of the total bimolecular rate-constants, 
and of the proportions in which olefin is formed, in the reactions of the alkyl-dimethylsulphonium 
ions. In Table II these data are analysed in terms of the rate-constants of the individual 
bimolecular reactions of substitution and elimination, S,2 and E2. 

The two rate-constants k(S,2) and k(E2) collectively represent three simultaneous reactions, 
because there are two possible directions of substitution : 


Me-OEt + Alk-SMe 
r ‘ Sy2 
Alk-SMe, + OEt ——> {aieor: + SMe, } (Sx2) 
HOEt + Olefin +SMe, . .. . + (£2) 
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TABLE I. 


Second-order vate-constants (k, in sec) g.-mol.-1 1.) and percentages of olefin formed in the 
veactions of primary alkyl-dimethylsulphonium iodides with sodium ethoxide in dry ethyl 
alcohol at 63°95°. 


(Initially [AlkSMe,I] ~0-05 and [NaOEt] ~0-095 in all cases.) 





10°A,. % Olefin. 





Alk in (AlkSMe,)I. 


Individual values. Mean. Individual values. 





400, 386, 380 389 14-8, 15-6, 15-1 


371, 392, 380 381 
391, 396 394 
isoButyl 593, 593 593 


2-Phenylethy] _ 28,800 * 

















* Extrapolated from the following results at lower temperatures, viz., 


10°, = 1050, 1050 (Mean, 1050) at 35-05° (T = 308-20°) 
» = 3960, 3990( ,, , 3985) ,, 45-92° (T = 319-07°) 


by means of the derived equation 
log ok, = 14-98 — 23,900/(2-303 x 1-986 x T). 


TABLE II. 


Analyses of kinetic data for the reactions of alkyl-dimethylsulphonium iodides with sodium 
ethoxide in ethyl alcohol at 64°, showing the variation in the rates of bimolecular substitution 
and elimination with progressive changes in the structure of the alkyl group. 





Series. Alkyl group. 105k,. % Olefin. 105(S2). 105k(E2). 


CH,°CH,° 389 15-4 
CH,-CH, CH, 381 71 
CH,°CH,°CH,°CH,° 394 P 


CH,-CH,: 389 
CH,-CH,:CH,: 381 
(CH,),CH-CH,° 593 


CH,CH,° 389 
CH,-CH,-CH,: 381 
C,H,°CH, ‘CH, 28,800 





























It used to be assumed that, in the alkaline aqueous decompositions of sulphonium ions of the 


+ 

type AlkSMe,, the group Alk is eliminated exclusively as olefin, whilst any alcohol simul- 
taneously produced is methyl alcohol. However, Ingold and Kuriyan showed (J., 1933, 991) 
that, when Alk is ethyl or n-propyl, appreciable amounts of ethyl or n-propyl alcohol are 
formed, along with the ethylene or propylene, and the methyl alcohol. Accordingly, we may 
surely expect that, in alkaline ethyl-alcoholic solutions, ethyl alkyl ethers will be produced, 
as well methyl ethyl ether, and, of course, the olefins. Thus the observed variations in the, 
rate-constant k(S,2) as the group Alk is changed will be due in part to differences in the rate 
at which this group itself is displaced in bimolecular substitution, and in part to the effect of 
different alkyl groups on the rate at which a methyl group is displaced in substitution. Owing 
to experimental difficulties, we have not yet secured any systematic data which would enable 
these two effects to be distinguished; but an approximate analysis of the matter has been 
made in one case. This is that of the 2-phenylethyl compound, for which the substitution 
rate is notably greater than for any of the purely aliphatic compounds. Most of this increase 
is found to be due to an increased rate of displacement in substitution of the 2-phenylethyl 
group itself. Direct analysis of the reaction product has given the proportion of styrene as 
89°4%, and the proportion of dimethyl sulphide as 98°5%. It follows that ethyl 2-phenylethyl 


se pump en A woormongdcddds=a 


. = 
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ether must be produced to the extent of 9%. The production of methyl] ethy] ether is estimated 
either as 15% by difference, or as 3% on the basis of a difficult determination of the methyl 
2-phenylethyl sulphide. On either figure, the 2-phenylethyl group is displaced by substitution 
several times more rapidly than is the methyl group from the same compound, and several 
times more rapidly than is methyl or any of the higher alkyl groups from the purely aliphatic 
sulphonium compounds. We interpret this as a polar effect within the 2-phenylethyl group, 
in which the phenyl group, as usual, accommodates itself to the electrical requirements of the 
reaction. 

Concerning the elimination rates, we restrict ourselves here to pointing out the facts. They 
are that the bimolecular rate falls with increasing length of the alkyl chain, and falls on the 
introduction of @-linked methyl substituents, but rises strikingly on the introduction of a 
B-phenyl substituent. The first two of these effects present marked contrasts with those 
exhibited by the bimolecular elimination rates of the primary alkyl halides (Part IX). With 
these compounds the rate at first rises sharply, and then falls slowly, with increasing length 
of the alkyl chain; and it rises with the successive introduction of 6-linked methyl substituents. 
It rises strikingly on the introduction of a B-phenyl substituent; in this the alkyl halides and 
sulphonium ions resemble each other. A theoretical discussion of all these relations will be 
given in Part XVI. 


EXPERIMENTAL. 


Materials.—The a guerre sulphonium iodides were not prepared by the apparently easy method of 
direct addition of alkyl iodides to dimethyl sulphide, because this method often leads to the formation 
in appreciable quantities of trimethylsulphonium iodide, an impurity difficult to remove. The prepar- 
ations therefore started from the alkylthiols, and proceeded by way of the methyl alkyl sulphides, to 
which methyl iodide was finally added. The crude salts, which were often sticky and yellow at first, 
were washed with dry ether, dissolved in warm absolute ethyl alcohol, and cooled in solution to —80° 
until crystals began to be formed. Crystallisation was furthered by the slow addition of pre-cooled, 
dry ether, the solvent being then poured off, and the whole process was repeated until all visible colour 
had disappeared. The crystals were collected out of contact with moist air, and kept over phosphoric 
oxide. All the salts, except dimethyl-2-phenylethylsulphonium iodide, were extremely deliquescent, 
and vacuum weighing bottles were therefore used for their analysis. The iodide-ion content was 
determined as an indication of purity: Dimethylethylsulphonium iodide gave I = 58-16% (Calc., 
58-20%); dimethyl-n-propylsulphonium iodide gave I = 54-49% (Calc., 54-69%); dimethyl-n-butyl- 
sulphonium iodide gave I = 51-58% (Calc., 51-58%); dimethylisobutylsulphonium iodide gave 


(Cal 51-69% a 51-58%); dimethyl-2-phenylethylsulphonium iodide, m. p. 129°, gave I = 43-00% 
alc., 43-17%). 
The ethyl. alcohol required for the kinetic measurements was ae by drying commercial 


“absolute ” alcohol with the aid of sodium and ethyl phthalate (Smith, /J., 1927, 1288; Manske, 
J. Amer. Chem. Soc., 1931, 58, 1106). 

Method of Kinetic Measurements.—Portions, usually 5 c.c., of the reaction mixture, taken from a 
standard measuring flask, were enclosed in the cold in sealed tubes, which were placed in the thermostat 
for known times and then treated by one of the following methods. The tubes after being chilled were 
either broken under 100 c.c. of cold acetone, the alkali being then determined by means of 0-02n- 
sulphuric acid, with lacmoid as the indicator; or they were broken under 100 c.c. of ice-cold water, 
and titrated as before, but with a mixture of equal parts of cresol-red and thymol-blue as indicator. 
The original solution was made up only approximately by weighing: its exact composition was deduced 
from readings made on two tubes which were left in the thermostat for ten times the period of half- 
change of the reaction. All other tubes were shaken for two minutes when first put into the thermostat, 
the end of the two-minute period being treated as the time-zero of the reaction being investigated. 
Second-order rate-constants were calculated from the formula k, = {1 /#(a — b)}log.{b(a — %)/a(b — *)}, 
when # is the time in seconds, and a and b are the initial concentrations of sodium ethoxide and alkyl- 
dimethylsulphonium iodide respectively, and * is the concentration of alkali destroyed at time?#. The 
constants thus obtained were corrected for the change in volume of the solvent between the temperature 
at which the solutions were made up and the temperature of the thermostat. 

A special method of making up solutions had to be employed in the case of dimethyl-2-phenylethyl- 
sulphonium iodide, owing to its low solubility in ethyl alcohol at 0°. The iodide was dissolved in half 
the total amount of alcohol at 46°, and portions of 2-5 c.c. of this solution were run into portions of 
2-5 c.c. of alcohol containing the requisite amount of sodium ethoxide cooled to 0°. (Allowance was 
made for thermal ay ee when measuring volumes at 46°.) The sulphonium iodide crystallised 
while the tubes were being sealed, but it redissolved completely while they were being shaken for the 
initial two minutes in the thermostat. The kinetics of the reaction could then be followed as usual. 

Methods for Olefin Estimation.—Ethylene and propylene were estimated by the aspiration method 
(Hughes, Ingold, and Shapiro, J., 1936, 225), and m-butylene, isobutylene, and styrene by the extraction 
method (Hughes Ingold, Masterman, and MacNulty, J., 1940, 899), organic sulphides being removed, 
in either case, with the aid of saturated aqueous mercuric chloride (cf. Part VI, this vol., p. 2042), before 
the olefin was determined by uptake of bromine. 

Results of Measurements.—The results of the main series are summarised in Table I. Their experi- 
mental basis is illustrated in Tables III, IV,and V. Table III records the first of the three rate measure- 
ments at 63-95° on dimethylethylsulphonium iodide, and Tables IV and V the first two of the six olefin 
estimations made with this substance. The first of the olefin estimations shows that the proportion 
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in which olefin is formed remains constant during the reaction. The second olefin experiment is of the 
same type as all the subsequent ones, and is concerned with the amount of olefin in the product of the 
completed reaction. 

The reaction with the dimethyl-2-phenylethylsulphonium salt went too quickly at 63-95° to be 
measured with accuracy. The proportion of olefin in the completed reaction at this temperature was 
determined, but it was not directly proved in this case that the proportion remained constant throughout 
reaction. The rate of the overall reaction at 63-95° was obtained by extrapolation from measurements 
at lower temperatures, the particulars of which are given in the footnote beneath Table I. 

Some further measurements have been made, which are not included in Table I, because they relate 
to conditions other than those to which the data of Table Iapply. One group of these additional results 
has already been partly quoted in Part VIII (this vol., R. 2049), and the main particulars of the experi- 
ments are therefore now recorded. They are in Table VI. Some further measurements of a generally 
similar kind will be included in a later paper dealing with salt effects on sulphonium salt decompositions. 


TABLE III. 


Illustrating determinations of total second-order rate-constants (k, in sec. g.-mol.- 1.) : 
dimethylethylsulphonium iodide (Expt. A). 


(Solvent: EtOH. Temp. 63-95°. Initially [SMe,EtI] = 0-0494m and [NaOEt] = 0-0966n. In 
the Table [SMe,EtI] and [NaOEt] are each expressed in c.c. of 0-02134n-acid per 5 c.c. sample.) 


t(min.). [NaOEt]. [SMe,EtI]. 10%, | ¢(min.). [NaOEt]. [SMe,EtI]. 10%. 
0 22-55 11-53 16-37 5-35 3-76 
21-29 10-27 16-03 3-78 

20-10 9-08 ; 15-72 3-71 

18-85 7-83 : 15-46 44 3-70 

18-29 7-27 : 15-14 ; 3-77 

17-54 6-52 : 14-96 3-72 

17-13 6-11 ; 14-68 ; 3-74 

16-72 5-70 ; 11-02 me 


ey k, = 3-73 x 10°* sec.“ g.-mol.“ 1.; corrected for solvent expansion, k, = 4:00 x 10° sec.-* 
g.-mol.- 1.) 





TABLE IV. 


Illustrating determinations of olefin designed to show that the proportion is constant throughout 
reaction : ethylene from dimethylethylsulphonium iodide by the aspiration method (Expt. A). 


(Solvent: EtOH. Temp. 63-95°. Initially [SMe,EtI] = 0-0520m and [NaOEt] = 0-0965n. Pairs 
of tubes were withdrawn from the thermostat at the zero of time, after one-third, after two-thirds, and 
after the completion, of the reaction. One tube of each pair was used to estimate loss of alkali, and 
the other the formation of ethylene. In the Table [SMe,EtI] and [NaOEt] are each expressed in c.c. 
of 0-02284n-acid per 5 c.c. sample, whilst the bromine surviving out of a standard quantity supplied, 
and the bromine absorbed, are each expressed in c.c. of 0-01133N-thiosulphate per 5 c.c. sample.) 


[NaOEt]. ([SMe,EtI]. % Reaction. Br, present. Br, used. % CyHy. 
21-03 11-34 0-0 21-20 — —_ 
17°31 7-62 32-8 18-90 2-30 15-3 
13-11 3-42 69-8 16-53 4-67 14-7 

9-69 — 100-0 14-60 6-60 14-4 


—— mean of the figures in the last column, 14-8%, is entered, as the main result of this experiment, 
in Table I.) 


TABLE V. 


Illustrating the normal method of determining olefin proportion : ethylene from dimethyl- 
ethylsulphonium iodide by the aspiration method. 


(Solvent: EtOH. Temp. 63-95°. Initially [SMe,EtI] = 0-05l1lm and [NaOEt] = 0-0977n. In 
the Table the alkali is expressed in c.c. of 0-02134N-acid per 5 c.c. sample, whilst the olefin is given by 
the amount of bromine, measured in c.c. of 0-01228N-thiosulphate, which survives, out of a standard 
amount supplied, in a 10 c.c. sample of the reaction mixture.) 


Initial readings. ~ Final readings. 
‘Alkali. Bromine. ‘Alkali. Bromine. 
22-78 25-30 10-90 13-43, 11-98, 11-50 











22-84 25-20 10-86 12-47, 12-02 
22-81 (mean) 25-25 (mean) 10-88 (mean) 12-28 (mean) 


(Alkali consumed : 11-93 c.c. Olefin formed: 12-97.c.c. Proportion of olefin = 15-6%.) 


reepree nod dats 
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TABLE VI. 


Some additional second-order vate-constants (k, in sec.-* g.-mol.-+ 1.), and percentages of formed 
olefin, for the reaction of dimethylethylsulphonium iodide with sodium ethoxide (cf. Part VIII). 


(Solvent: EtOH. Temp. 45-08°.) 
Initial concentrations. 


[SMe,EtI].  [NaOEt]. 105k. % Olefin. 
0-0207 0-0951 41-9 ~_ 
0-0213 0-0945 41-3 — 
0-0208 0-0938 at 12-0 
0-0213 0-0963 —_ 11-9 


Estimation of Sulphides formed from Dimethyl-2-phenylethylsulphonium Ethoxide.—The apparatus 
usually employed for the estimation of ethylene or propylene by aspiration was used with slight modific- 
ations for the estimation of dimethy] sulphide in the eosdnct of the completed reaction between dimethyl- 
2-phenylethylsulphonium iodide and sodium ethoxide in ethyl alcohol at 64°. The conditions of reaction 
were the same as those under which the production of styrene was estimated. The usual bromine traps 
were omitted from the — apparatus, and three traps containing saturated aqueous mercuric 
chloride were provided. e formed dimethyl sulphide was aspirated into these from the reaction 
mixture at 40° ina stream of nitrogen. The precipitated complex was collected and weighed. The 
assumption was made that it has the composition 3HgCl,,2(CH;),S (Phillips, J. Amer. Chem. Soc., 1901, 
23, 253; Hughes and Ingold, J., 1933, 1571; MacNulty, Thesis, London, 1938). The residual reaction 
mixtures from a number of such aspirations were combined, and worked up for methyl 2-phenylethyl 
sulphide. They were shaken with aqueous mercuric chloride, and the precipitated complex, assumed to 
have the composition 3HgCl,,2C,H,*S-CH;, was collected and weighed. The result of these analyses 
have already been given (p. 2074). . 
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423. Mechanism of Elimination Reactions. Part XIII. Kinetics of 
Olefin Elimination from isoPropyl-, sec.-Butyl-, and 1-Phenylethyl- 
dimethylsulphonium Salts in Alkaline Alcoholic Media. 


By E. D. HuGuss, C. K. Incoitp, G. A. Maw, and L. I. Woo tr. 


Data are recorded to show the effects of certain structural changes on the rates of the 
substitutions and eliminations which secondary alkyldimethylsulphonium ions undergo in 
bimolecular reactions with ethoxide ions in anhydrous ethyl alcohol as solvent. Elimination 
rates are analysed, where possible, in terms of the separate rates of establishment of the double 
bond in the different branches of the secondary alkyl groups. The structural effects studied 
relate to those of a-linked methyl, ethyl, and pheny] substituents, and to the effect of a B-linked 
methyl substituent on the rate of establishment of a double bond between C, and Cg. 

The substitutions are composite, since either methyl or the secondary alkyl group may be 
displaced from the sulphonium ion in bimolecular substitution. In the case of the dimethyl-1l- 
phenylethylsulphonium ion, which shows an outstandingly large rate of total bimolecular 
substitution, it is shown that this effect of the phenyl substituent is due mainly to an increased 
rate of displacement of the l1-phenylethy] group itself, rather than to any effect of this phenylated 
group on the rate of displacement of methyl. The effect of the phenyl substituent is regarded 
as essentially polar. 

In the bimolecular elimination of the sec.-butylsulphonium ion, the double bond mainly enters 
the shorter alkyl branch, in contrast to the corresponding reaction of sec.-butyl bromide. The 
effect of an a-methyl or a-ethy] substituent is to increase the rate of establishment of a double 
bond between C, and Cg, the effect of an a-phenyl substituent is to increase it strongly, and the 
effect of a B-methyl substituent is to decrease it, in contrast to what is observed with alkyl 
bromides. The interpretation of the results is considered in Part XVI. 


In the preceding paper a kinetic study was described the object of which was to establish the 
effect of structural changes in primary alkyl groups on the rates of the simultaneous substitutions 
and eliminations which arise in the decompositions of alkylsulphonium ions. The present 
paper describes a similar study of secondary alkyl groups combined in sulphonium ions. 
Although, as compared with primary alkylsulphonium ions, secondary alkylsulphonium 
ions show an increased tendency to undergo unimolecular decompositions, these reactions are 
still difficult to realise in a mechanistically pure form. Therefore we again concentrated attention 
on the bimolecular reaction of substitution and elimination, which the simpler secondary, like 
the primary, alkylsulphonium ions undergo in the presence of a strongly nucleophilic reagent 





. 
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and in an appropriate solvent. We have, in fact, kinetically analysed the reactions between 


+ 
secondary alkyldimethylsulphonium ions (sec.-AlkSMe,) and ethoxide ions, in dry ethyl alcohol 
as solvent, the conditions being generally similar to those used in already described investigations 
on primary alkyldimethylsulphonium ions. 

The alkyl groups now examined in combination as dimethylsulphonium ions are isopropyl, 
sec.-butyl, and 1-phenylethyl, which may be regarded as derived from ethyl by introduction of 
the substituents «-Me, a-Et and a-Ph, respectively. A comparison of the behaviour of isopropyl 
and sec.-butyl will show the effect of introducing the substituent 6-Me in the secondary 
alkyl series. 

With all these sulphonium ions under the conditions indicated, unimolecular reactions 
proceed at rates which are negligible in comparison with the rates of the bimolecular processes. 
The total reaction is thus experimentally of the second order, consisting partly of bimolecular 
substitution (S,2) and partly of bimolecular olefin-elimination (£2), and the proportion in 
which olefin is produced remains constant during the change. Our procedure has been, as 
before, to measure the total rate constant, #,, and then split it into its components, &(S,2) and 
k(E2), on the basis of measurements of the olefin proportion. 

In all cases the substitution can consist of two simultaneous substitutions, since either a 
methyl group, or the secondary alkyl group, may separate from the sulphonium sulphur atom 
and combine with the attacking ethoxide ion, forming methyl ethyl ether, or a secondary alkyl 
ethyl ether. However, in our work these two substitutions have been measured together. 


. MeOEt + sec.-AlkSMe (Sx2) 
sec.-AlkSMe, + OEt—> { #e-AIKOEE + SMe, } . 
HO-Et + olefin + SMe, . . . . . (£2) 


In the case of the sec.-butyl compound the elimination may consist of two simultaneous 
eliminations, since the olefinic double bond can be formed along either the shorter or the longer 
branches of the sec.-butyl group. These eliminations were in the first instance measured 
together; but it was important for our purpose to determine the rates of the separate processes, 
as given by the composition of the mixture of isomeric olefins formed in the reaction, because 
such figures must disclose the orientation laws for bimolecular olefin elimination in sulphonium 
salts, and must therefore help us to understand the rate relations. 

The mixture of isomeric olefins formed in the decomposition of the sec.-butyl-sulphonium 
salt may contain but-l-ene and the cis- and trans-forms of but-2-ene. Two methods of analysis 
have been employed, following the pioneer work of Lucas, Dillon, and Young (J. Amer. Chem. 
Soc., 1930, 52, 1949, 1953), who attacked the same problem in the example of butenes formed 
in the alkaline alcoholysis of sec.-butyl bromide. They recommended converting the butenes 
into their dibromides. They found that the boiling points of 1: 2-, meso-2 : 3-, and racemic 
2 : 3-dibromo-n-butane were too close together to allow an easy separation by distillation. They 
also found that the other physical constants which they measured were symbatic with the 
boiling points, so that it was undesirable to make the measurement of two such physical 
properties of the ternary mixture of bromides the basis of analysis. What was done was to 
employ one physical property, viz., the density at 25°, and one chemical property, which had 
been found to be non-symbatic with the physical properties. This was the second-order 
rate-constant for the reaction with potassium iodide in methyl alcohol at 75°. We first used 
this method, employing pure synthetic but-1l-ene in order to control the isolation of the analytical 
sample, and to correct for the effect of any slight differences of solvent, temperature, or other 
conditions between Lucas, Dillon, and Young’s kinetic determinations and ours. Our second 
method consisted of a quantitative distillation of the butenes themselves, with the aid of a 
special column, which Dr. I. Dostrovsky had built, and which he helped us to apply in these 
analyses. The results obtained by both methods are given in the following scheme: 

CH,°CH <, OEt CH,°CH 26% 3 CH,°CH 74%} 
* CCH SMe CH (2708 2) + CHD CH (7382) 

1 By kinetic and physical analysis of the dibromides. 

2 By quantitative distillation of the hydrocarbons. 


The but-2-ene appeared to consist mainly of the trans-isomeride. The two methods of analysis 
agree in giving the result that most of the elimination which takes place in the alkaline 
decomposition of the dimethyl-sec.-butylsulphonium ion occurs along the shorter branch of the 
sec.-butyl chain. This is a striking contrast to Lucas, Dillon, and Young’s results for the 
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corresponding reactions of sec.-butyl bromide; and, accordingly, the opportunity of employing 
a modern column was taken to repeat their work. The outcome, as is mentioned in Part X 
(this vol., p. 2060), was that their findings were closely confirmed. 

The results of the main series of measurements of the overall bimolecular rate-constants, 
and of the proportions in which olefins are formed in these reactions of the secondary alkyl-di- 
methylsulphonium ions, are assembled in Table I. In Table II these data are analysed in terms 
of the individual rate-constants for the total bimolecular reactions of substitution and the total 
bimolecular reactions of elimination. The substitution rate-constants are not further subdivided, 
but the elimination rate-constants are analysed in the last column of Table II into the rate- 
constants for elimination along the separate branches of the alkyl chain. 

We shall comment first on the substitution rates. In the units employed in Table II, the 


+ 
substitution rate for the dimethylethylsulphonium ion, CH,°CH,°SMe,, is given by 1052, = 395 
(preceding paper). Now it follows indirectly from the work of Ingold and Kuriyan on the 
aqueous alkaline decomposition of this ion (J., 1933, 991) that the substitution in alcoholic 
alkali will in this case proceed largely in the direction which involves the combination of one of 
the methyl groups with the attacking ethoxide ion to form methyl ethyl ether, but also toa 


TABLE I, 


Second-order vate constants (k, in sec.-1 g.-mol.+ 1.) of, and percentages of olefin formed in, the 
veactions of secondary alkyl-dimethylsulphonium iodides and sodium ethoxide in dry ethyl 
alcohol at 63°94°. 


(Initially [AlkSMe,I] ~0-05 and [NaOEt] ~0-095.) 





105k. % Olefin. 
+ - 
Alk. in (AlkSMe,)I. 





Individual values. Mean. Individual values. 





1590, 1590, 1550 1580 65-8, 65-7, 65-6 
1200, 1210 1205 57-8, 57-6 
— 9770 * 58-8, 58-4, 59-0, 60-4 

















* Extrapolated from the following results at lower temperatures, viz., 
105k, = 27-4, 27-6 (mean 27-5) at 19-98° = 293-13°) 
+» == 962, 960 (mean 961) ,, 45-08° (T = 318-23°) 
by means of the derived equation 
logie®s = 16-00 — 26,230/(2-303 x 1-986 x T). 


TaB_e II. 


Analysis of kinetic data for the reactions of alkyl-dimethylsulphonium iodides with sodium 
ethoxide in ethyl alcohol at 64°, showing the variation of the rates of bimolecular substitution and 
elimination with changes in the structure of the alkyl group. 





105%(E2). 


Sulphonium ion. 10°. % Olefin. 10®(S2). Total Each branch. 








520 


520 
185 


510 


1580 65-7 1040 
1205 57-7 695 


9770 59-1 
5775 

















significant degree in the direction in which the ethyl group is similarly displaced to form diethyl 
ether. No doubt the substitutions of the secondary alkyl-dimethylsulphoniuw ions will pursue 
two directions also, each of the observed substitution rates being, therefore, the sum of two 
components, one relating to the formation of a secondary alkyl ethyl ether and the other to 
the formation of methyl ethyl ether. Both these component rates are likely to be changed 
on passing from one alkyldimethylsulphonium ion to another, the former because of polar and 
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steric effects on the tendency of the alkyl group itself to be displaced by substitution, and the 
latter through an “ orienting ’”’ effect of the secondary alkyl group on the rate of displacement 
of methyl. As yet we have no systematic data which enable these effects in general to be 
distinguished; but in the most extreme case, that of the dimethyl-l-phenylethylsulphonium 
ion, the total rate of substitution of which is much larger than that of any of the purely 
aliphatic sulphonium ions, we know that most of the rate is due to the relatively facile dis- 
placement of the 1-phenylethyl group to form ethyl l-phenylethyl ether. It has in fact been 
directly confirmed in preparative experiments involving the decomposition of dimethyl-1- 
phenylethylsulphonium ions by ethoxide ions in ethyl alcohol, that such of the 1-phenylethyl 
radical as does not appear in the form of styrene can be recovered in high yield as ethyl 
l-phenylethyl ether.* This effect is regarded as essentially polar. 

Finally we direct attention to the following facts concerning the elimination rates. In 
contrast to bimolecular elimination in isopropyl and sec.-butyl bromides, for which the higher 
homologue has the larger rate (cf. Part X), the rate of bimolecular elimination drops from the 
dimethylisopropyl- to the dimethyl-sec.-butyl-sulphonium ion. The fall of rate is due entirely 
to the slower establishment of the double bond in that alkyl branch which becomes lengthened 
in the sec.-butyl group, the rate of its entrance into the alkyl branches which remain similar 
in the two conpounds being only very slightly reduced. On the other hand, the rate of entrance 
of the double bond into the corresponding alkyl branch of the 1-phenylethyl group is very much 
increased, the 1-pheny] substituent of this sulphonium ion, unlike the 2-methy]l substituent of 
the sec.-butyl-sulphonium ion, having a strong effect on the reaction of that alkyl branch to 
which it does not itself belong, 7.e., a strong “‘ orienting” action. 1-Methyl and 1-ethyl 
substituents have a similar, but weaker, action, as may be seen by comparing the elimination 
rates for the isopropyl- and sec.-butyl-sulphonium ions with that of the ethyl-sulphonium ion 
(preceding paper). The theory of these relationships will be discussed in Part XVI. 


EXPERIMENTAL. 


Materials.—The required sulphonium iodides were all prepared from the secondary alkylthiols, 
by way of the secondary alkyl methyl sulphides, to which methyl iodide was added in nitromethane 
as solvent (cf. preceding paper). The 2-propyl and 2-n-butyl salts were purified by repeated 
precipitation at low temperatures from solution in anhydrous ethyl alcohol by addition of dry ether. 
The 1-phenylethyl salt readily became converted into an oil in the presence of solvents other than 
ether, and only went solid again when such solvents were removed by pumping. It was therefore 
purified by washing it with ether after it had largely solidified. The iodine contents of the salts were 
determined as a check on their purity: dimethylisopropylsulphonium iodide gave I = 54-67% (Calc., 
54-69%); dimethyl-sec.-butylsulphonium iodide gave I = 51-60% (Calc., 51-58%); and dimethyl-l- 
phenylethylsulphonium iodide gave I = 43-17% (Calc., 43-17%). 

The ethyl alcohol employed in the kinetic measurements was prepared by drying commercial 

“‘ absolute ’”’ ethyl alcohol by the method of Smith and Manske (preceding paper). 

Methods for Measurements of Rates and Olefin Proportions.—The methods were the same as those given 
in the preceding paper. The special method there described for the preparation of solutions of 
dimethyl]-2-phenylethylsulphonium iodide was not required for its more soluble isomeride, the 1-phenyl 
compound. 

Toute of Measurements of Rates and Olefin Proportions.—The results of the main series of measure- 
ments are summarised in Table I. In illustration of the experimental basis of these figures, we give in 
Table III the record of the first of the three rate measurements made at 63-94° on dimethylisopropyl- 
sulphonium iodide, and in Table IV the third of the three olefin determinations made for this temperature 
on the same substance. 

TaBLeE III. 


Illustrating determinations of total second-order vate-constants (k, in sec.-1 g.-mol.- 1.) : 
Dimethylisopropylsulphonium iodide (Expt. A). 


(Solvent: EtOH. Temp. 63-94°. Initially [SMe,PrI] = 0-0537m and [NaOEt] = 0-098In. In 
the Table [SMePrI] and [NaOEt] are each expressed in c.c. of 0-02145n-acid per 5 c.c. sample.) 


t(min.). [NaOEt]. [SMe,PrI]. 10%%,. | #(min.). [NaOEt]. [SMe,PrI].  10%,. 


0 22-77 12-47 —_ 6 18-15 7-85 14-7 
1 21-82 11-52 (13-7) 7 17-71 7-41 14-4 
2 20-85 10-55 14-8 8 17-22 6-92 14-5 
3 20-03 9-73 15-0 10 16-25 5-95 15-0 
4 19-24 8-94 15-4 12 15-65 5-35 14-7 
5 18-79 8-49 14-4 © 10-30 _— — 


a. . = 14:8 x 10°* sec. g.-mol.-! 1.; corrected for solvent expansion, k, = 15-9 x 10-* sec.-! 
g.-mol.* 1. 
* These experiments were carried out by Dr. S. H. Harvey. They were primarily directed to the 


solution of a problem relating to the Walden inversion, and will be published shortly in association with 
other work in that field. 
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The reaction with dimethyl-1-phenylethylsulphonium iodide went too rapidly at 63-94° to allow an 
accurate rate measurement. However, the proportion of olefin in the product of the completed reaction 
at this temperature was measured. The rate itself was obtained by extrapolation from rate 
measurements made at lower temperatures, as particularised in the footnote under Table I. 

A few further measurements are recorded for convenience in Table V, although they are more relevant 
to Part VIII than to this paper (cf. this vol., p. 2049). 


TaBLeE IV. 


Illustrating determinations of the proportion of formed olefin : propylene from dimethyl- 
isopropylsulphonium iodide by the aspiration method (Expt. C). 
(Solvent: EtOH. Temp. 63-94°. Initially [SMe,PrI] = 0-0507m and [NaOEt] = 0-096l1n. In 
the Table the alkali is expressed in c.c. of 0-02125Nn-acid per 5 c.c. sample, whilst the olefin is given by the 


amount of bromine, measured in c.c. of 0-02925n-thiosulphate, which survives, out of a standard amount 
supplied, in a 10 c.c. sample of the reaction mixture.) 








Initial readings. Final readings. 
Alkali. Bromine. Alkali. Bromine. — 
22-53 54-60 10-65 31-80, 32-65, 31-71 
22-53 54-68 - 10-67 31-73, 31-84 


22-53 (mean) 54-64 (mean) 10-66 (mean) 31-89 (mean) 
(Alkali consumed : 11-87 c.c. Olefin formed: 22-75 c.c. Proportion of olefin = 65-6%.) 
TABLE V. 


Additional second-order vate-constant (k, in sec. g.-mol.* 1.) and percentage of formed olefin 
for the reaction of dimethylisopropylsulphonium iodide with sodium ethoxide (cf. Part VIII). 


(Solvent: EtOH. Temp. 45-08°.) 


Initial concentrations. 





{SMe,PrI}. [NaOEt]. 105k,. % Olefin. 
0-0201 0-0966 187 _ 
0-0207 0-0968 = 60-62 


2 Mean of six measurements ranging from 60-4 to 60-9%. 


Experiments with But-l-ene and its Dibromide——The hydrocarbon was prepared, as described by 
Lucas and Dillon (J. Amer. Chem. Soc., 1928, 50, 1460), by allowing allyl bromide to interact with 
methylmagnesium iodide, from which the ether used in its preparation had been largely removed by 
distillation. The gas evolved at about 75° was washed with 30% aqueous methyl alcohol and 37% 
perchloric acid, and dried with calcium chloride. Part of this material was used for the preparation 
of 1 : 2-dibromo-n-butane, as follows. 

An all-glass apparatus was employed. The bromine was contained in a warmed glass bulb, and was 
carried as vapour in a stream of nitrogen through a capillary tube to the bottom of a second bulb, which 
contained the hydrocarbon and was cooled in a bath of ice and salt. The object of the arrangement 
was to secure good stirring where the bromine enters, and thus to avoid local excess of the halogen. The 
upper part of the bulb was fitted, by means of a ground joint, with a reflux condenser, consisting of a 
spiral tube sealed through the bottom of a container filled with ether and solid carbon dioxide. As soon 
as a permanent yellow colour appeared in the brominated hydrocarbon, this was washed successively 
with acidified sodium sulphite, sodium hydrogen carbonate, and water. It was then dried with calcium 
chloride and distilled at 50 mm. (barostat), with high reflux-ratio, through a ‘‘ 15-plate”’ adiabatic 
column of glass helices. The boiling — (80-2—-80-3 /49-8 mm.) and physical constants agreed practically 
exactly with those given by Lucas, Dillon, and Young (loc. cit.). 

This material was used in order to correlate the conditions of our kinetic analysis with those used by 
Lucas, Dillon, and Young. The chief conditions to which the rate-constants are sensitive are solvent- 
composition, temperature, and ionic strength. The object of the correlation was to enable us to use 
Lucas, Dillon, and Young’s rate-constants for the dibromides of all the three butenes, by applying to 
the recorded figures a small percentage correction in order to bring them into correspondence with our 
slightly different solvent, temperature and ionic strength. The reaction studied was the interaction 
between the butene dibromides and potassium iodide in ‘‘ 99% ’’ methyl alcohol at 75°. A large batch 
of solvent was made up by the addition of the requisite amount of water to dry methyl alcohol: this 
material was used for all the rate measurements. Our thermostat ran at 74-98° + 0-02°. After some 
preliminary trials, we settled to a standard procedure in which the initial concentration of potassium 
iodide was 0-27m and the initial concentration of dibromide was 0-064m. Under these conditions the 
second-order rate law was accurately obeyed, and the reaction with 1 : 2-dibromo-n-butane had the 
rate-constant 0-0800 min.-! g.-mol. 1. For this substance, Lucas, Dillon, and Young record the rate- 
constant 0-0765 min. g.-mol.“ 1., and hence it appears that 4-6% must be added to each of their 
rate-constants in order to obtain figures applying to our kinetic conditions. 

Other portions of the synthetic sample of but-l-ene were employed in order to establish a process 
for the recovery of butenes from mixtures such as would arise by the decomposition of dimethyl-sec,- 
butylsulphonium ethoxide. In particular it was shown that but-l-ene, when recovered from a mixture 
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containing ethyl alcohol and dimethyl sulphide by a process corresponding to that described below, gave 
a dibromide having properties identical with those of the above standard sample of dibromide. 

Analysis of the Butenes derived from ate erty sa me pa Ethoxide (First Method).—Dry 
ethyl alcoholic solutions of dimethyl-sec.-butylsulphonium iodide and of sodium ethoxide were mixed at 
50° to give 2 1. of a solution 0-33m with respect to the sulphonium iodide and 0-66m with respect to sodium 
ethoxide. The temperature was raised to 70° during several hours, after which water at 70° was run in. 
There was a brisk evolution of gas, which passed through an ordinary reflux condenser, and was then 
condensed in a trap cooled in liquid air. The temperature of the reaction mixture was raised until the 
solvent boiled, and air was then passed through it in order to carry all the butenes into the cooled trap. 
The trap was warmed to —80°, and its contents were then added to a solution of mercuric chloride 
(15 g.) in ethyl acetate (62 g.) at —17°. The mixture, in which a heavy white precipitate had formed, 
was kept at this temperature overnight, and then distilled through a special column arranged for use at 
low temperatures. 

This was a “ 5-plate ”’ column of Vigreux type, 80 cm. long and 7 mm. internal diameter, with low 
hold-up. Its purpose was to separate the butenes from other substances without separating the isomeric 
hydrocarbons from one another. It was lagged with 2 cm. of cotton wool surrounded by a double-walled 
jacket through which ice-cold water was pumped during distillation. It was connected by means of 
ground joints to the distillation vessel below, and, through a drip-indicator, to the first of two condensers 
above. The drip-indicator was observed through thick ‘‘ Perspex ”’ windows inserted into the lagging. 
The cooling jacket of the first condenser had three tubulures, two near the bottom and one at the top, so 
that its effective height could be altered to give any desired reflux ratio, including total reflux. The 
method was to pass the cooling fluid into, and out from, the bottom two tubulures, and keep the top one 
closed, after the height of the cooling liquid in the jacket had been adjusted by withdrawing from it, or 
letting in through it, the right amount of air. The top of this condenser was connected by a ground 
joint to the second condenser, which was designed to give total condensation, and which delivered, 
through another lagged drip-indicator, into a tube leading nearly to the bottom of a collecting flask, 
cooled with ether and solid carbon dioxide. The second condenser was also connected by way of a 
ground joint to a trap, and thence to a calcium chloride tube, both cooled with solid carbon dioxide. 
The cooling fluid for both condensers was dry ether at —80°. It was syphoned from a Dewar vessel, 
through a coil immersed in a mixture of chloroform, carbon tetrachloride, and solid carbon dioxide; and, 
having passed through either condenser jacket, it was collected in another Dewar vessel, which was 
substituted for the source vessel as necessary. The runs of tubing were lagged, except for short rubber 
sections possessing screw clips for regulating the rate of flow. 

A eutectic alloy of sodium and potassium was made up in a flask having a ground joint which fitted 
the first condenser described above. The alloy was cooled to —80°, and the hydrocarbon distillate was 
added. The condenser was fitted, and the flask was allowed to warm until the butenes were boiling 
under total reflux. No hydrocarbon appeared in a CO,-cooled trap attached to the top of the condenser, 
and there was very little discoloration of the alloy. After some hours the butenes were transferred by 
distillation through an all-glass connecting tube to the bromination apparatus, and brominated, exactly 
as described above for synthetic but-l-ene. The brominated butenes were washed and dried as described 
for 1 : 2-dibromo-n-butane, and then submitted to the following distillations, designed to remove any 
low-boiling, and also any high-boiling, non-isomeric impurities. 

First, the mixture was put under the “ 15-plate”’ column, and boiled with total reflux at 50 mm. 
pressure (barostat) until thermal equilibrium had been established. Then, very slowly, four drops were 
taken off as distillate. The temperature at the time of the fourth drop was 73-7°/50 mm. The 
distillation was then stopped, and the column allowed one hour to drain. The liquid in the distilling 
flask was then poured through it, and it was again allowed to drain. The four drops withdrawn as 
distillate would be insufficient appreciably to affect the proportions of the isomeric dibromides, but they 
could have removed an amount of non-isomeric impurity which would have been enough to upset the 
analysis. The second distillation process consisted of transferring the bromides by non-ebullient 
distillation at 50 mm., under conditions of negligible hold-up, from the distilling flask, which was finally 
heated on a boiling water-bath, to a receiving flask, which was cooled in ice and salt. The short ground- 
jointed connecting tube led nearly to the bottom of the cooled receiving flask, which was the only 
condenser. Its efficiency as a condenser was shown by the fact that no condensate collected in the 
CO,-cooled trap, to which also it was connected. At this stage the density of the bromides was d?%° 
1-78257. They were then again submitted to above-described distillations, first under the “ 15-plate ”’ 
column, and then from flask to flask. In the distillation under the column, three drops were taken off, 
the temperature at the time of the third being 78-5°/50 mm., and then three more drops were withdrawn, 
the temperature at the time of the sixth being still 78-5°/50 mm. It thus appeared that volatile 
non-isomeric impurities had been fully removed ; and even the withdrawal of six drops could not seriously 
have affected the compositions of the isomeric dibromobutanes. After the non-ebullient distillation, 
the density was d35° 1-78262. This was accepted as the correct value. Densities were measured with a 
1 c.c. pyknometer and a microbalance, the technique being generally similar to that developed in these 
laboratories for work involving heavy hydrogen water or heavy oxygen water (cf., ¢.g., J., 1934, 498, 
1593). The accuracy was about 3 in 106, z.e., rather greater than corresponds to the number of figures we 
quote. 

Two measurements were made, using this sample, of the rate-constant of the reaction with potassium 
iodide in ‘‘ 99% ”’ methyl alcohol at 74-98°, the conditions being as closely as possible identical with those 
employed in the experiments with synthetic 1 : 2-dibromo-n-butane. The results were as follows : 


Initial concentrations. k 
TKI). [C,H,Br,]. | (min g.-mol.? 1). 


0-2661 0-06366 0-0755 
0-2705 0-06385 0-0759 
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The mean of these rate-constants, in combination with density, gives the analytical composition already 
uoted. 

. Analysis of the Butenes derived from Dimethyl-sec.-butylsulphonium Ethoxide (Second Method).—The 
butene mixture was also analysed by the method of quantitative distillation. In this case twice the 
formerly used quantities of dimethyl-sec.-butylsulphonium iodide and sodium ethoxide were employed, 
the butenes being collected, and freed from sulphides by treatment with mercuric chloride in ethyl 
acetate, as before. On this occasion particular care was taken to remove the last trace of butenes from 
the solvent, which was used as a “‘ chaser ”’ in order to clear the butenes from the column at the end of 
the distillation. This meant that a quantity of the order of one drop of ethyl acetate became collected 
with the butenes, and that therefore the sodium-—potassium alloy with which they were next treated 
became considerably tarnished. However, the treatment was continued with fresh portions of alloy 
until tarnishing no longer occurred. The butenes were then mixed with a little pure pentane (to act as 
a ‘‘ chaser’) and distilled in the apparatus described below, the building and operation of which were 
supervised by Dr. I. Dostrovsky. 

The bottom of the distillation bulb contained a thimble-shaped well through which a coil of fine 
platinum wire was sealed. Through this wire a controlled supply of heat could be introduced by the 
passage of an electric current. Adventitious heat-exchange was prevented by inserting the bulb, and 
its connexion to the column, into a Dewar vessel. The column, packed with small glass helices, was 
enclosed throughout its length with a silvered vacuum jacket, which was connected with a backed 
diffusion pump. At the head of the column was placed a thermometer, having its bulb in contact with 
the top of the packing. Above the thermometer, and surrounding its stem, was a reflux condenser, 
capable of condensing all the vapour that entered it. The top of the condenser was sealed. Between 
the bottom of the condenser and the top of the packing, a distance of about 2 cm., a narrow, 
upward-sloping side-tube was inserted, through which butene vapour, but not liquid, could be withdrawn. 
This tube led first to a wide U-tube, containing mercury through which gas could be bubbled by a small 
pressure difference, and thence, by a 3-way stopcock, to either of two large aspirators. 

In preparation for a distillation, the column jacket was pumped to a hard vacuum, the condenser 
circuit was started and regulated, and the aspirators were filled. The cooling liquid for the condenser 
was dry ether which was drawn from a reservoir by means of a circulating pump, forced through a coil 
immersed in a mixture of chloroform, carbon tetrachloride, and solid carbon dioxide, and thence, by 
lagged tubes, through the condenser jacket, and back into the reservoir. Thermometers were provided 
for the measurement of the temperature of the ether as it entered and left the condenser jacket. These 
temperatures were regulated to be close to —25°, because this temperature gave adequate condensing 
power, and it had been found that a lower temperature over-cooled the refluxing butenes, so that the 
temperature at the head of the column fell below the boiling point. The aspirators were supplied with 
water made alkaline with potassium carbonate. The purpose of the alkali was to suppress any tendency 
for interaction between the butenes and the water. Losses due to the solubility of butenes in water 
were reduced by using the same liquid on each occasion. 

The butene mixture, which had in the meantime been kept in the distilling bulb at —80°, was now 
heated by a current given by a 6-volt battery and controlled by a rheostat. Air was at first driven out 
through the mercury by the ascending vapour: the air was allowed to escape by way of a side-tube. 
Soon after the butenes had reached the head of the column, and had begun to condense, all passage of 
gas through the mercury ceased. The refluxing was allowed to continue for a further period in order to 
ensure thermal equilibrium in the column. Then the butene vapour was withdrawn by running water 
slowly out of the aspirators, and a series of readings was taken of the temperature at the head of the 
column and, simultaneously, of the volume of gas collected. A water manometer had been provided 
so that the pressure of the gas could be read, and its temperature was taken to be that of the emerging 
water : this was measured, thus permitting correction of the volumes to normal temperature and pressure. 
The whole of the butenes were eventually collected in the aspirators. When the pentane reached the 
top of the column the temperature rose sharply and the distillation was stopped. 

The quantitative result has already been given. The effect of the distillation was to strip the 
but-l-ene (b. p. —6°) from the total but-2-enes (b. p. 2—3°) quite sharply. By turning the 3-way tap 
the isomerides could be collected in separate aspirators. The but-2-ene fraction appeared to consist 
mainly of the frans-isomeride, but the column could not have separated the stereoisomerides sharply, 
even if both had been present in substantial quantities. 

(This method was also used for the analysis of the butenes evolved when sec.-butyl bromide is treated 
with ethyl-alcoholic potassium hydroxide. The result, which confirms an earlier analysis by Lucas, 
Dillon, and Young, has already been mentioned in Part X.) 


Str WILt1AM Ramsay and RALPH Forster LABORATORIES, . 
UNIVERSITY COLLEGE, Lonpon, W.C.1. [Received, January 15th, 1948.] 














2084 Hughes, Ingold, and Woolf : 


424. Mechanism of Elimination Reactions. Part XIV. Kinetics of 
Olefin Elimination from tert.-Butyl- and tert.-Amyl-dimethylsulphon- 
ium Salts in Alkaline and Acidic Alcoholic Media. 

By E. D. HuGues, C. K. InGotp, and L. I. Woo rr. 


Data are recorded to show the effect of homology on the rates of the constituent sub- 
stitutions and eliminations which tertiary alkyl-dimethylsulphonium ions undergo in bimole- 
cular reactions with ethoxide ions, and also in unimolecular reactions, in ethyl alcohol as 
solvent. It was readily possible to isolate each of these kinetic types of reaction. Dimethyl- 
tert.-butyl- and -éert.-amylsulphonium ions were studied, and the amylenes produced from the 
latter by each reaction mechanism were analysed, in order to permit a division of the 
elimination rates and proportions into those parts which a) a to the establishment of the 
double bond along the separate branches of the tertiary alky 

The bimolecular eliminations of these ions in ethyl-alcoholic s sothen ethoxide proceed con- 
siderably more rapidly than do the corresponding reactions of the simpler secondary alkyl, and 
much more rapidly than do those of the primary alkyl, dimethylsulphonium ions; and their 
speed is too great to permit the measurement of anything more than limits to the rates of the 
accompanying bimolecular substitutions. Bimolecular elimination proceeds less rapidly in 
the éert.-amyl than in the ¢ert.-butyl group, and this is the total result of a large fall of rate for 
the establishment of the double bond in the alkyl branch which becomes lengthened, together 
with quite small decreases of rate for the entrance of the double bond into the alkyl branches 
which remain similar in the two homologues. In bimolecular elimination from the amyl- 
sulphonium ion the double bond enters mainly into the shorter branches of the tertiary alkyl 
group. These results contrast strikingly with those applying to bimolecular elimination 
from #ert.-butyl and éert.-amyl bromides: they are discussed theoretically in Part XVI. 

The rate of the overall unimolecular reaction is considerably greater for the ¢ert.-amyl- than 
for the ¢ert.-butyl-sulphonium ion. The rate of unimolecular substitution is increased, but the 
proportion of such substitution is decreased in the higher homologue. The rate, and the 
proportion, of elimination are increased in the amylsulphonium ion. The inerease of elimin- 
ation rate is due to a large increase in the rate of establishment of the double bond in the 
alkyl group which becomes lengthened, reinforced by smaller increases in the rate at which 
it enters the branches which remain similar in the two compounds. The increase in the 
proportion of elimination is the net result of a large increase in the proportion in which the 
double bond enters the lengthened alkyl branch, partly off-set by notable decreases in the 
proportions in which it enters the other alkyl branches. In unimolecular elimination from the 
tert.-amylsulphonium ion the double bond enters mainly into the long branch of the #ert.-amyl 
group. These relations present marked contrasts to those shown by the bimolecular reactions 
of the sulphonium ions, but close similarities to those displayed by the unimolecular 
reactions of the analogous alkyl bromides. The theory of the matter is considered in Part XVI. 





In this paper we are again concerned with the effects of structural modifications in an alkyl 
group on the kinetics of the substitutions and eliminations undergone by alkylsulphonium ions. 
The two preceding papers reported investigations on primary and secondary alkyl groups in 
alkyl-dimethylsulphonium ions; and the present paper records a corresponding study of 


+ 
tertiary alkyl groups in similar combination, tert.-AlkSMe,. 

The work on the primary and secondary alkyl-dimethylsulphonium ions was restricted to 
the bimolecular decompositions which they undergo in the presence of a strongly nucleophilic 
reagent; for the unimolecular reactions of these substances are for the most part difficult to 
isolate in a mechanistically pure form, even those of secondary alkylsulphonium ions. On the 
other hand, the tertiary alkyl-dimethylsulphonium ions, although they still exhibit bimolecular 
reactions, which can be made to become the exclusive modes of decomposition by operating 
with a moderate concentration of a strongly nucleophilic reagent, also display unambiguous 
unimolecular reactions, which it is equally easy to isolate by avoiding the presence in considerable 
concentration of strongly nucleophilic reagents. Accordingly the opportunity has been taken 
to investigate the kinetics of both modes of reaction of these tertiary alkylsulphonium ions, 
with the main object of disclosing the effect of structure on the unimolecular, as well as on the 
bimolecular, reactions of elimination. As before, the bimolecular reactions which have been 
studied are the reactions between the alkyl-dimethylsulphonium ions and ethoxide ions in 
ethyl alcohol: the unimolecular reactions are those which the tertiary alkyl-dimethylsulphonium 
ions undergo in ethyl-alcoholic solvents in the absence of large amounts of alkali. 

It should be made clear that the reason why unimolecular elimination is so much more 
prominent in the reactions of tertiary alkylsulphonium salts than in those of the analogous 
primary and secondary alkyl compounds is not that bimolecular elimination from tertiary 
alkyl groups in sulphonium ions is attended with any greater difficulty than from primary or 
secondary alkyl groups in such ions. On the contrary, we can establish that the facility of 
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such bimolecular eliminations increases from primary to secondary, and from secondary to 
tertiary, alkyl groups: the increases are, indeed, considerable. The prominence of unimole- 
cular elimination in the reactions of the tertiary alkyl compounds is due to the circumstance 
that the increasing facility of unimolecular reactions from primary to secondary, and from 
secondary to tertiary, alkyl groups is found, wherever demonstration is possible, to be an 
extremely steep function of structure. We should expect this, if the influence of the alkyl 
groups is largely polar; for unimolecular rates depend on a polar bond-fission, which must 
require the more internal electrical compensation, and therefore must act the more strongly 
on a polarisable group, as there is no electrically countervailing, contemporaneous bond- 
formation. 

Table I is given to illustrate the increase in the rate of bimolecular olefin elimination (E2) 
along the alkyl series primary, secondary, tertiary, in the reactions of alkyl-dimethylsulphonium 
ions with ethoxide ions. The second-order rate-constants, k(E2), refer to the formation of 
ethylene, propylene, and isobutylene from dimethyl-ethyl-, -isopropyl-, and -fert.-butyl- 
sulphonium iodide, respectively, by reaction with ethyl-alcoholic sodium ethoxide. One 
observes that each additional methyl branch in the variable alkyl group increases the rate of 
bimolecular elimination by, roughly, 25-fold. 


Mechanism of Elimination Reactions. 


TaBLeE I, 

Second-order vate-constants, percentages of olefin formed, and separate vaie-constants for 
bimolecular substitution, k(S,2), and elimination, k(E2), (sec.-* g.-mol.-* 1.) in the reactions 
of primary, secondary, and tertiary alkyl-dimethylsulphonium ions with ethoxide ions 
in dry ethyl alcohol at 45-08°. 

(Initially [AlkSMe,I] ~ 0-02 and [NaOEt] ~ 0-095.) 





Alk in (AlkSMe,)I. 





10°,. % Olefin. | 10%&(Sy2). | 10°R(E2). Ref. 

ae 41-6 12-0 36-6 5-0 | Part XII 

ERE cecvsscsoses 187 61 73 114 » XIII 
Peeled 2930 100 90 * 2930 ». VIII 























* Based on an assumed maximum error in the olefin proportions of 3% for ame ig ae in the 
neighbourhood of 100 (it — less for lower percentages—cf. Hughes, Ingold, Masterman, 
and MacNulty, J., 1940, 


The tertiary alkylsulphonium ions which have been comparatively examined are the 
dimethyl-tert.-butylsulphonium and the dimethyl-tert.-amylsulphonium ions. In the first 
instance, they have been studied with respect to their bimolecular reactions with ethoxide 
ions in ethyl alcohol. In the presence of some tenths molar sodium ethoxide, these bimolecular 
reactions take place without sensible amounts of accompanying unimolecular processes; it 
can be calculated that the latter constitute a proportion of the order of 0°1% of the total reaction 
of the dimethyl-tert.-butylsulphonium ion. Thus the bimolecular reactions of these tertiary 
alkyl-sulphonium ions can be isolated much more clearly than can the corresponding bimolecular 
reactions of the tertiary alkyl bromides (cf. Part XI). 

The bimolecular reactions of the tertiary alkylsulphonium salts may be formulated as 
follows : 


trae, + OEt —> < tert.-AlkOEt + SMe, ee « 
HOEt + Olefin+SMe,. . . . . . (E2) 


There are thus two possible substitutions, but they are not accurately measurable, even together, 
in the presence of the much more rapid elimination. The total bimolecular rate, and the 
proportion of olefin formed, have, however, been measured. These data together provide the 
bimolecular elimination rate. 

The elimination (E2) from the ¢ert.-butylsulphonium ion is a single reaction, but the 
elimination from the ¢ert.-amylsulphonium ion consists of two simultaneous processes; for the 
olefinic double bond can be formed along the longer branch, or along one of the two shorter 
branches of the ¢ert.-amyl chain, to form trimethylethylene or 1-methyl-l-ethylethylene. It 
was important to determine the proportions of these products, since data for the orientation 
of any reaction capable of forming isomerides should be subject to the same theory as that 
by which the relative rates of the reaction in different compounds are interpreted. The 


feat + tert, aig 
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orientation ratio has therefore been determined by analysis of the formed amylenes, and on this 
basis the total bimolecular elimination rate has been split up into its components. Each of 
the amylenes has only a single stereoisomeric form, and hence the analysis could be simply 
performed by the measurement of a physical property: we used the refractive index. The 
results were as indicated : 
CH,-CH. 
CH 
CH 
These figures were obtained with the initial concentrations [SMe,AlkI] ~ 0°09 and [NaOEt] 
~ 0°25m, in ‘“‘ 97% ” ethyl alcohol * at 24°, 1.e., in conditions similar as to ionic strength, solvent, 
and temperature to those which relate to the rate-constants, and proportions of total olefins, 
listed and compared below. However, the ratio in which the isomeric amylenes are formed 
seems to be relatively insensitive to concentration changes within the range of those concentrations 
which give nearly pure bimolecular kinetics. The greatest observed variation was with 
[AlkSMe,I] ~ 0°15 and [NaOEt] ~ 2m, when the proportion of trimethylethylene fell to 10%. 
These proportions are widely different from those obtaining in the corresponding bimolecular 
reaction of tert.-amyl bromide (71% of trimethylethylene—cf. Part XI). 

The principal data by means of which dimethyl-tert.-butyl- and -tert.-amyl-sulphonium salts 
may be compared with respect to rates of their total bimolecular reactions with ethyl-alcoholic 
sodium ethoxide, and with respect to the proportions in which total olefins are formed in these 
reactions, are assembled in Table II. 


2 det CH,’C CH,°CH, 
cae, ~a CHieSc (14%) +” " CHYDC (80%) 


TABLE II. 


Second-order vate-constants (k, in sec.-1 g.-mol.-1 1.) and percentage of olefin formed in bi- 
molecular reactions of tertiary alkyl-dimethylsulphonium iodides with sodium ethoxide in 
“97%” ethyl alcohol at 24°0°. 














Alk in Initial concentrations. . + ee. 
i oy yee - 105k. 1 
$Me,)I. | TAlkSMe,I].  (NaOEt). . “om 

AlkSMe, 

- 0-047 0-256 19-7 sae 
in. 0-024 0-256 i 100 
cH 0-032 0-461 71-2 a 
0-034 0-447 a 99 
0-091 0-234 58-1 pa 
saad “ 0-085 0-233 soc 96 
CHE” 0-091 0-430 50-9 aa 
0-047 0-449 a 98 














The results are divisible into two sets, those applying to initial alkali concentrations 
[NaOEt] ~ 025m, and those relating to the initial concentrations [NaOEt]~0°45m. The rate- 
constants for each compound under these two conditions of concentration show that the 
reactions are subject to a negative salt effect. This is to be expected: the details of the 
phenomenon are being independently investigated. In the meantime it makes little difference 
which of the two common ionic strengths we choose for the purpose of comparing the results 
for the éert.-butyl-sulphonium salt with those for the ¢ert.-amyl-salt. In Table III we make the 
comparison for the lower initial alkali concentration. One observes that the lower bimolecular 
elimination rate for the ¢ert.-amyl compound than for the #ert.-butyl compound is the total 
result of a large fall of rate for the establishment of the double bond along the alkyl branch 
which becomes lengthened in the ¢ert.-amyl group, and of very small decreases of rate for the 
formation of the double bond in the branches which remain similar in the two homologues. 
The whole result forms a striking contrast to that which was obtained for the corresponding 
bimolecular reactions of éert.-butyl and ¢ert.-amyl bromides. It was found that in this case 
the bimolecular elimination from the amyl group was faster, the increase being due entirely 
to the increased rate of establishment of the double bond along the alkyl branch which becomes 
lengthened in the ¢ert.-amyl group (cf. Part XI). The theory of these relations will be discussed 
in Part XVI. 


* The alcohol—-water mixture thus designated was made up to contain 28% by weight of water. 
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TaBLeE III. 


Analysis of kinetic data for the bimolecular reactions of tertiary alkyl-dimethylsulphonium 


iodides with sodium ethoxide (~0°25m) in “97%,” ethyl alcohol at 24°, showing the 
dependence of the bimolecular elimination rate on alkyl structure. 














Alk $Me,)I 108k % Olefin oe 
in (AlkS I. ; . ¢ A 
wih es) ’ iene Total. Each branch. 
26-6 eee CHS 
Saath ccccccsesevcsevsseeneee 79-7 100 79-7 266... C- 
266... CH” 
7-8 bk & MN. 
IIE nik snininsnisinniahens 58-1 96 55-8 24-0 
24-0 CH 














When the ethoxide ion concentration falls below 0°0lm, the unimolecular reactions of 
dimethyl-éert.-butyl- and -éert.-amyl-sulphonium ions become important. By working in 
very dilute alkaline, or in neutral or acidic, solution, these reactions can be isolated, the bi- 
molecular processes being practically completely suppressed. The simultaneous reactions 
which now take place may be represented as follows : 


+ 
(EtOH H + ¢#ert.-AIkOEt + SMe, . . (Sxl 
tert-AlkSMe, —> tert. -Alk + SMe, { ’ (Snl) 


fast © |if 4+ Olefin +SMe,. . . . (El) 


Here there can be no second substitution process leading to a ¢ert.-alkyl methyl sulphide, as 
there can be in bimolecular substitution, because the rate of the unimolecular heterolysis of 
the methyl group from the sulphonium ion will be altogether too small. Another contrast to the 
bimolecular decomposition is that the represented reactions of unimolecular substitution and 
elimination proceed at quite comparable rates. For both dimethyl-tert.-butyl- and -tert.-amyl- 
sulphonium ions we have measured the total unimolecular rates, and also the proportions of 
olefin formed under the conditions of the rate measurements, thus deriving the separate rates 
of unimolecular substitution and elimination. 

Whilst unimolecular olefin elimination (E1) from the ¢ert.-butylsulphonium ion is a single 
process, the corresponding reaction of the #ert.-amylsulphonium ion proceeds in two directions, 
just as does bimolecular elimination, producing a mixture of trimethylethylene and 1-methy]l-1- 
ethylethylene. We have determined the proportions of these isomerides with the following 
results : 


CH,’CH, CH, ‘CH. CH, an 
oe) 
CHeScs Smee > Cesc (87%) + "CHSC 13%) 
These figures refer to nearly neutral solution in ‘“‘ 97% ”’ ethyl alcohol at 50°, i.e., to conditions 
corresponding to those under which the total unimolecular rate constants and the proportions 
of total olefins, have been measured as recorded below. However, the ratio in which the two 
isomerides are produced in unimolecular elimination does not seem to be greatly affected by 
the conditions. For instance, in “‘ 50% ” ethyl alcohol (a mixture of equal volumes of alcohol 
and water), and at 65°3°, conditions corresponding to some measurements of the total unimole- 
cular rate, and of the proportion of total olefin, which are recorded in Part VII, the trimethyl- 
ethylene was found to constitute 85% of the total amylenes, the difference between this figure 
and the above-recorded 87% being almost within the normal experimental error. It will have 
been noticed that the proportions in which the isomeric amylenes are produced in the unimole- 
cular elimination stand in marked contrast to those in which they are formed in bimolecular 
elimination from the dimethyl-tert.-amylsulphonium ion (14% of trimethylethylene). On the 
other hand, the proportions given by the unimolecular elimination are quite similar to those 
obtained for the corresponding unimolecular reaction of éert.-amyl bromide (82% of trimethyl- 
ethylene—cf. Part XI). 

Table IV contains the observational data by means of which dimethyl-tert.-butyl- and 
-tert.-amyl-sulphonium ions may be compared with respect to both the rates of their total 
unimolecular decompositions and the proportions in which total olefins are formed in these 
reactions. 
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TABLE IV. 


First-order vate-constants (k, in sec.-1) and proportions of olefin formed in unimolecular 
reactions of tertiary alkyl-dimethylsulphonium iodides in ‘‘ 97%,” ethyl alcohol at 60°0°. 











: Alk in Initial concn 
T ‘ R,. % Olefin. 
(AlkSMe,)I. | [AlkSMe,I). 10°, % Olefin 
tert.-Butyl 0-034 1-78 ne 
0-020 ine 50-5 
tert.-Amyl 0-034, 0-032 15-1, 148 eg 
0-058 — 64°5 














These results are analysed in Table V, which records, for the two alkylsulphonium ions, 
the rates of the separate unimolecular reactions of substitution and of elimination, and also 
the rates with which the olefinic double bond is established in these eliminations along each of 
the three branches of the tertiary alkyl chains. In the theory of unimolecular reactions, a 
simple significance attaches to the rate of the total reaction, for this is identified with the rate 
of the common slow stage; and also to the proportions in which the olefins are formed, since 
these are interpreted as giving directly the ratios of the rates of the fast stages. Therefore 
these figures also are given in the Table, including the proportions in which the alkyl groups 
accept a double bond in each of their three branches. 


TABLE V. 


Analysis of kinetic data for the unimolecular reactions of tertiary alkyl-dimethylsulphonium 
tons in “‘ 97% ”’ ethyl alcohol at 50°, showing the dependence of unimolecular elimination on 
alkyl structure. 




















i 10°R(E1). % Elimination. 

Alk in 10%%,. | 105(Sy1).| , a » ae _ deccare noel 

AlkSMe,. Total. Per branch. ubn. Total. Per branch. 
H, 0-30 16-8 
CH, 1-78 0-88 0-90 0-30 49-5 50-5 16-8 
CH, 0-30 16-8 
Hy CH, 8-41 56-1 
CECH 14-95 5-33 9-67 0-63 35-5 64-5 4-2 
CH, 0-63 4-2 




















We may direct attention to the following relations. The rate of the total unimolecular 
reaction is considerably greater for ¢ert.-amyl than for the éert.-butyl compound; and the 
difference is greater for the reactions of these sulphonium ions than it is for the corresponding 
reactions of the analogous tertiary alkyl halides (Part XI). The rate of unimolecular sub- 
stitution is considerably increased, but the proportion of unimolecular substitution is decreased, 
in the éert.-amyl compound as compared with its lower homologue. The rate of unimolecular 
elimination is much greater for the ¢ert.-amyl than for the ¢ert.-butyl compound; and this is 
the total result of a large increase in the rate at which the olefinic double bond is established 
in that branch which becomes lengthened in the higher homologue, together with smaller 
increases in the rates at which it enters the branches that remain similar in the two compounds. 
The proportion of unimolecular elimination is greater for the ¢ert.-amyl than for the ¢ert.-butyl 
compound; and this is the net result of a considerable increase in the proportion in which the 
double bond is accepted into the lengthened chain of the amy] structure, partly counterbalanced 
by quite large decreases in the proportion in which it is established in the branches that remain 
similar in the two homologues. At almost every point, these relationships present marked 
contrasts to those which apply to the corresponding bimolecular reactions. On the other hand, 
except for the quantitative difference mentioned above, these relationships agree at every 
point with those which apply to the unimolecular reactions of éert.-butyl and tert.-amyl bromides 
(cf. Part XI). The theory of the matter will be considered in Part XVI. 


EXPERIMENTAL. 


Materials —Freshly decolourised and distilled tert.-butyl iodide or tert.-amyl iodide was kept for 
2 days at 20° in the dark with an equivalent of dimethyl sulphide in about 2 vols. of nitromethane as 
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solvent. The salt which first crystallised was washed with dry ether, and purified by partial precipit- 
ation from solution in ethyl alcohol by the addition of ether. Dimethyl-tert.-butylsulphonium iodide 
gave I = ‘ee (Calc.: I = 51-6%); dimethyl-tert.-amylsulphonium iodide gave I = 48-8% (Calc. : 
I = 48-8%). It was not advantageous to attempt to obtain further crops of these salts from the mother 
liquors, since the material thus recovered contained trimethylsulphonium iodide (cf. Part XII). The 
benzyl iodide employed in some of the separations was crystallised from alcohol at a low temperature, 
and thus obtained as colourless needles, m. p. 24°. 

Methods for Measurement of Rates and Olefin Proportions.—These were as described in Part XII. 
The extraction method was used for the determination of isobutylene, and of the combined amylenes, 
aqueous mercuric chloride being employed for the purpose of removing organic sulphides (cf. Part VI). 
Yor unimolecular runs in acid solution, the formed olefin was determined at various times during the 
course of reaction, in order to control possible error arising from the acid-catalysed combination of the 
olefin with the solvent (cf. Part X). For runs in alkaline solution, and hence for all bimolecular runs, 
it was sufficient to determine the olefin formed towards the conclusion of the reaction. 

Results of Measurements of Rates and Olefin Proportions.—The results of the principal series of 
measurements are given in Table I. In illustration of the experimental basis of these figures, we give 
in Tables VI, VII, and VIII the record of one bimolecular rate run, one unimolecular rate run, and one 
olefin determination. (As to the meaning of “ 97% ” EtOH, see footnote, p. 2086). 





TABLE VI. 


Illustrating determinations of total second-order vate-constants (k, in sec. g.-mol.-* 1.): 
Dimethyl-tert.-amylsulphonium iodide (Expt. A). 


(Solvent: “ 97%" EtOH. Temp. 24-0°. Initially [SMe,Am‘I] = 0-0910m and [NaOEt] = 0-234m. 
In the table [SMe,Am*I] and [NaOEt) are each expressed in c.c. of 0-2365N-acid per 15 c.c. sample.) 


#(sec.). [NaOEt]. [SMe,Am*I]. 10%. | #(sec.). [NaOEt]. [SMe,Am‘I]. 105A. 
9-60 


0 24-72 . a 3582 21-19 6-07 59-5 
509 24-23 9-11 56-4 4531 20-60 5-48 58-5 
1143 23-30 8-18 58-9 5700 19-90 4:78 59-1 
1812 22-78 7-61 56-8 9271 18-49 3°37 57-2 
2403 22-13 7-01 59-4 12909 17-51 2-39 56-8 
(Mean k, = 58-1 x 10° sec.~ g.-mol.* 1.) 
TaBLe VII. 


Illustrating determinations of total first-order rate-constants (k, in sec.) : Dimethyl- 
tert.-amylsulphonium iodide (Expt. A). 
(Solvent: 97%" EtOH. Temp. 50-0°. Initially [SMe,Am*I] = 0-0340m. Solution initially 
neutral. Developed acid expressed in c.c. of 0-01655n-alkali per 10 c.c. sample.) 


4 (sec.). Acid. 105R,. t (sec.). Acid. 10°R,. t (sec.). Acid. 10°R,. 
0 0-78 - 1926 6-07 15-5 6776 13-97 15-1 
294 1-68 14-2 2614 7-52 15-8 8124 15-19 14-9 
580 2-51 15-2 3802 10-63 17-1 9521 16-28 14:7 
855 3-33 15-5 5811 12-45 14-4 co) 21-35 oe 


(Mean k, = 15-1 x 10° sec.-1.) 


TABLE VIII. 


Illustrating determinations of proportion of olefins formed : Total amylenes formed in 
unimolecular decomposition of dimethyl-tert.-amylsulphonium iodide. 


(Solvent: “97%” EtOH. Temp. 50-0°. Initially [SMe,Am*I] = 0-0582m. Preliminary experi- 
ments had shown that after 30 minutes in these conditions a quantity of olefin convenient for measure- 
ment had been formed, but that it had not yet reacted to an appreciable extent with the solvent. 
Estimations of acid and olefin were therefore made at the time-zero and 30 minutes later. Samples 
of 15 c.c. were titrated with alkali, and, after addition of a standard quantity of bromine, with thio- 
sulphate. The alkali and thiosulphate were standardised with reference to the same solution of 
potassium bi-iodate, KHI,O,; 25 c.c. of this required 4-97 c.c. of alkali, whilst 10 c.c. required 43-34 of 
the thiosulphate.) 











Initial readings. Readings after 30 mins. 
Alkali. Thiosulphate. Alkali. Thiosulphate. 
0-09 32-16 12-99, 12-93 2-30, 1-91 

0-10 32-26 13-13 1-71 


(Acid produced = 12-92 c.c. alkali. Olefin formed = 30-24 c.c. thiosulphate. Proportion of 
olefin = 64-5%.) 


Experiments on the Isolation of Amylene Mixtures.—The first attempts to separate in a perfectly 
pure condition the amylenes formed from dimethyl-tert.-amylsulphonium salts, without disturbance 
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to the proportions of the isomerides, involved extracting the amylenes with tetrachloroethylene, after 
the addition of water to the alcoholic solution, and then removing the accompanying sulphides by 
extraction with aqueous mercuric chloride. This method failed, because it was found difficult to filter 
so great a bulk of the mercury compound without losses of, and therefore alterations to the composition 
of, the amylenes. The modification was therefore introduced of combining the sulphides with benzyl 
iodide, removing the easily filtered sulphonium salt, and ther eliminating the last traces of sulphides 
by the use of mercuric chlorides. The combination of benzyl iodide with the sulphides in the tetra- 
chloroethylene solution was found to be considerably accelerated by the addition of some nitromethane. 
The experiment described below (Control No. 7) is one of several by which the reliability of this method 
was established. 

Trimethylethylene has 3° 1-38774, and 1-methyl-l-ethylethylene has 3° 1-37774 (cf. Part XI). 
A mixture, 10 c.c., having 20” 1-38242, was added to 16 g. of dimethyl sulphide, 200 c.c. of ethyl alcohol, 
and 200 c.c. of water. The mixture was extracted with three 50 c.c. portions of tetrachloroethylene, 
and the combined extracts were mixed with 10 c.c. of nitromethane and 62 g. of benzyl iodide. The 
mixture was kept at 13° in the dark for 17 hours, and then filtered with the help of a pump, a liquid-air 
trap being used as a precaution against loss of the olefin. The salt on the filter was washed with a little 
pre-cooled tetrachloroethylene, and the combined filtrates were kept with 10 g. of mercuric chloride 
at — 10° overnight. Some calcium chloride was then added, and the mixture was kept at the same 
temperature for a further day, and then filtered through glass-wool. The filtrate was distilled, with a 
fairly high reflux ratio, through a well-lagged, 30 cm. column of Vigreux type, having only a small 
hold-up. The distillate up to 40° was collected. It had nj" 1-38231, and this figure was exactly 
repeated after the sample had been refluxed with, and distilled from, sodium-potassium alloy. 

Analysis of Amylenes from the Bimolecular Reaction of Dimethyl-tert.-amylsulphonium Ethoxide.—The 
results have already been given, and the following details of one experiment are added as a description 
of method. A solution, 1-5 1., in ‘‘ 97%” ethyl alcohol, 0-090m with respect to dimethyl-tert.-amy]l- 
sulphonium iodide and 0-250n with respect to sodium ethoxide, was kept at 24° for 4 hours. It was 
then cooled to 0°, mixed with an equal quantity of water at 0°, and extracted with tetrachloroethylene, 
this procedure, and the subsequent treatment of the extract with nitromethane and benzyl iodide, and 
later with mercuric chloride and with calcium chloride, following exactly the lines of the control experiment 
already described. The distillate from the Vigreux column had nj} 1-37912. It was boiled under 
reflux for 30 minutes with sodium—potassium alloy, and again distilled. It then had 2° 1-37913, which 
corresponds to the composition, 14% trimethylethylene, 86% 1-methyl-l-ethylethylene. 

Analysis of Amylenes from the Unimolecular Reaction of Dimethyl-tert.-amylsulphonium Iodide.—The 
following description illustrates the method used in these experiments. A solution, 1-5 1., in “97%” 
ethyl alcohol, 0-255m with respect to dimethyl-tert.-amylsulphonium iodide, was coloured with cresol- 
red and heated at 50° for 7 hours in a flask fitted with a mercury-sealed stirrer, a reflux condenser, and 
a dropping funnel. A liquid-air trap was placed above the reflux condenser as a precaution against 
loss of olefin. A solution, about 1n with respect to sodium ethoxide, in ‘‘ 97% ”’ ethyl alcohol was run 
into the rapidly stirred solution of the sulphonium salt at such a rate as to maintain it either neutral 
or very faintly acid. At the end of the period mentioned the solution was cooled to 0°, and the amylenes 
were isolated as in the preceding example. The final product had n?%° 1-38546, which corresponds to 
the composition 87% trimethylethylene, 13% 1-methyl-l-ethylethylene. 


Str WILLIAM RAMSAY AND RALPH ForRSTER LABORATORIES, 
University CoLteGE, Lonpon, W.C.1. [Received, January 15th, 1948.] 





425. Mechanism of Elimination Reactions. Part XV. Olefin Elimin- 
ation from sec.-isoAmyl Iodide and from the sec.-isoAmyl-dimethyl- 
sulphonium Ion. 


By E. D. Hucues, C. K. INGotp, and A. M. M. Manpour. 


It is shown that methylisopropylcarbinyl (sec.-isoamyl) iodide is decomposed by ethyl- 
‘alcoholic potassium hydroxide, in conditions determining the bimolecular mechanism of 
elimination, to give olefins in which the double bond becomes established mainly along the 
isopropyl branch, rather than along the methyl branch, of the secondary alkyl group; and 
also that the dimethyl-sec.-isoamylsulphonium ion is decomposed in aqueous solution 
in conditions favourable to the unimolecular mechanism to give an olefin mixture 
displaying the same kind of orientational effect in a quantitatively more extreme form. 
The former result confirms the conclusion, of which other evidence exists (Part X), that 
a non-terminal orientation of the double bonds is preferred in bimolecular eliminations of 
secondary alkyl halides, just as it has been shown to be in those of tertiary alkyl halides (Part XI). 
The latter result proves what has not been established elsewhere, namely, that a qualitatively 
similar orientation of the double bond is a property of unimolecular eliminations involving 
secondary alkyl groups, just as it is independently shown to be for corresponding reactions of 
tertiary alkyl groups (Parts XI and XIV). 


THE experiments here reported were carried out in 1930, but were not published at the time 
because they did not appear to assist with the problem to the solution of which they were 
directed. Asa matter of fact they could not so assist, because Organic Chemistry was not then 
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sufficiently advanced: the bimolecular and unimolecular mechanisms of substitution and 
elimination had not been discovered, and hyperconjugation was as yet unrecognised. Today, 
however, it is possible to attach significance to these early experimental results, which in effect 
extend certain later measurements reported in the preceding papers. 

The problem which was thus prematurely attempted was that of the antithesis between 
Hofmann’s rule of the preferential elimination of ethylene from quaternary ammonium salts 
and Saytzeff’s rule for olefin elimination from secondary and tertiary alkyl halides—the situation 
being that Hofmann’s rule agrees with, but Saytzeff’s rule is contrary to, the theory of the 
inductive effect. We need neither go into the problem here, nor describe our incomplete 
working hypothesis of 1930 concerning a phenomenon the full explanation of which only became 
clear to us several years later; for in the next paper we shall state the problem and 
the explanation, since it will be our main purpose there to present the evidence on which our 
interpretation rests. 

The experiments now to be described were on the lines of some which Lucas, Young, and 
their collaborators were carrying out at about the same period or a little earlier, and of others 
which we and our colleagues have since performed, on the compositions of the mixtures of 
isomeric olefins which are produced by the alkaline decompositions of branched-chain alkyl 
halides, or branched alkyl-dimethylsulphonium salts (cf. Parts X, XI, XIII, and XIV). In the 
present experiments an alkyl halide, and an alkyl-dimethylsulphonium ion having the same 
branched alkyl groups, were examined. 

The study was concerned with the group isopropylmethylcarbinyl (sec. ~isoamy]) 
(CH,),CH-CH(CH,), and was directed to determining to what extent an olefinic double bond is 
accepted into the isopropyl branch, and to what extent into the methyl branch, when the group 
is eliminated as olefin by the alkaline decomposition of its iodide, or by decomposition of the 
related dimethylsulphonium hydroxide. The group was chosen as a secondary alkyl group in 
which the two branches present different numbers of §-hydrogen atoms, and thus permit the 
formation of olefins having different numbers of alkyl residues attached to the unsaturated 
carbon atoms. This particular alkyl group was selected with a view to avoiding the complication 
which made Lucas and Young’s work, and also some of ours, difficult, namely, that of having 
to deal with a type of olefin one of the position-isomerides of which has two stereoisomeric 
modifications—with the result that a mixture of three closely similar olefins requires to be 
analysed. The methylisopropylcarbinyl group is the simplest secondary alkyl group which can 
give two, but no more than two, olefins. They are trimethylethylene and isopropylethylene ; 
and the binary mixtures of these isomerides can be accurately analysed, without the use 
of large quantities, by measurement of a suitable physical property, e.g., the refractive 
index. 

The decomposition of sec.-isoamylcarbinyl iodide was effected with the aid of 
concentrated ethyl-alcoholic potassium hydroxide. Although we had no appreciation of the 
importance of the point at the time, it is now quite clear, from the kinetics work described in 
Part X, that the bimolecular mechanism, E2, must have been in exclusive control. The results 
are shown in the following scheme : 


(CH,),CH —> 2 829 (CH,),CH H (189 
Sic SS ERTS (62%) + EST DCH (18%) 
These analytical data are probably good to 1%. Comparison may be made with the figures 
obtained under similar conditions by Lucas and his collaborators, and again by Woolf (cf. Part X), 
for the lower-homologous sec.-butyl bromide : 


CH, CHs HBr OE CHs cH H (81%) + CCH ScH (199%) 
(E32) ¥ 


We should have expected the two sets of data to fall as they actually do, but perhaps a little 
further apart. However, the figures last given depend, as has been mentioned, on a difficult 
analysis, and may be in error by 3%. 

The decomposition of the dimethyl-sec.-isoamylsulphonium ion was carried out in a dilute 
aqueous solution, which was alkaline, but contained no alkali in excess over the sulphonium ion. 
It is obvious from our present knowledge of the kinetics of the aqueous decompositions of 
secondary alkyl-sulphonium ions (cf. Gleave, Hughes, and Ingold, J., 1935, 236) that the 
unimolecular elimination mechanism, E1, must have been in practically exclusive control. The 
results themselves confirm this. For instance, the total yield of olefin was 7%; and that is 











2092 Mechanism of Elimination Reactions. Part XV. 


what it should be if the decomposition were unimolecular (cf. Part X, Table III *); whereas a 
yield of the order of 60% would have been produced if the reaction had been bimolecular (cf. 
Part XIII, Table I). The proportions of the isomerides, which are as follows, confirm the 
same conclusion : 


(CH,),CHN crue (CHy)sCx crs (9107) 4. (CHa)sCHSycyy (90 
fy >CH SMe, —» Ce > CH (91%) + Has cH (9%) 
In a bimolecular decomposition the above proportions would be approximately reversed, so 
that what is here the minor isomeride would become the major one. This will be evident from 
the results of Parts XIII and XIV. 

We do not possess any directly determined figures for the proportions in which the isomeric 
olefins are formed in the unimolecular decompositions of the lower-homologous, sec.-butyl- 
sulphonium ion, or for the proportions in which they are formed in the unimolecular reaction 
of sec.-butyl bromide—a datum that would be equivalent, since both decompositions proceed 
through the same carbonium ion (cf. Part VI). The difficulty has been that the small yield 
(8%) of total olefins formed in the unimolecular reactions of these secondary alkyl compounds 
did not in our hands produce samples large enough for the satisfactory analysis of a ternary 
mixture of olefins (cf. Part X). This difficulty did not arise in the sec.-isoamyl example, which 
was so chosen that the formed olefin mixtures would be binary, and a comparatively small 
sample sufficient for analysis. However, we can estimate the proportions in which the olefins 
should be formed in the unimolecular decomposition of a sec.-butyl halide or sulphonium ion, 
on the basis of certain measured proportions for tertiary alkyl compounds. In the bimolecular 
reaction of tert.-amyl bromide with ethoxide ions, the amylene with a terminal double bond is 
produced to the extent of 29% of the totalamylenes. In the unimolecular reaction of tert.-amyl 
bromide, or in that of the dimethyl-tert.-amylsulphonium ion, the proportion of this amylene is 
reduced to 16 + 2% (Parts XI and XIV). In the bimolecular reaction of sec.-butyl bromide 
with ethoxide ion, the butylene with a terminal double bond is formed to the extent of 19% of 
the total butylenes (Part X). Hence we should expect that, in the unimolecular reaction either 
of sec.-butyl bromide, or of the dimethy]-sec.-butylsulphonium ion, the proportion of the terminally 
unsaturated butylene would be reduced in roughly the same ratio, i.e., to 11+ 1%. Thus we 
can predict as follows : 


CHyCHwcpH.éMe CHyCHy cr (g90 + + CHyCHyycy (117% 
cH 2 a cH,>© (89%*) cH (11%*) 
(* Roughly estimated from data on other compounds.) 


The corresponding figures for the reaction of the dimethyl-sec.-isoamylsulphonium ion should be 
similar, but a little more spread apart, just as in fact the determined figures are (see above). 

The composition of the olefins formed in the unimolecular reaction of the sec.-isoamyl- 
sulphonium ion shows that unimolecular elimination from secondary alkyl-sulphonium salts 
corresponds to Saytzeff’s rule. This, though it follows indirectly from the rate data reported in 
Part X, has not elsewhere been directly proved. The analytical data recorded in Part XIV show 
directly that unimolecular elimination from tertiary alkyl-sulphonium ions corresponds to 
Saytzeff’s rule. Thus the present work establishes that there is no difference between the 
unimolecular reactions of secondary and tertiary alkyl groups in this respect. 

In view of the results and conclusions of Part VI, the olefin compositions for the unimolecular 
decomposition of the sec.-isoamylsulphonium ion should apply equally to the unimolecular 
reactions of the sec.-isoamy]l halides, and, in particular, to that of the iodide. On comparing 
this olefin composition with the above recorded composition of the olefins obtained in the 
bimolecular decomposition of sec.-isoamyl iodide, one observes that, whilst both bi- and 
uni-molecular elimination from this secondary alkyl halide follow the Saytzeff rule, the 
unimolecular reaction exhibits more strongly the particular type of orientation which the 
rule specifies. Quite similar conclusions follow from the analytical data, recorded in Part XI, 
concerning the olefins formed in the bi- and uni-molecular decompositions of tert.-amyl bromide. 
In this matter also, the present work establishes that secondary and tertiary alkyl groups act 
alike. 


* It is true that this Table refers to alkyl bromides; but then the yield in which olefins are formed 
in the unimolecular decompositions of alkyl halides and alkyl-sulphonium ions with the same alkyl 
group under the same conditions should be almost the same, since the reactions proceed through the 
same carbonium ion; and in fact, the yields have been found to be nearly the same in the investigated 
examples (cf. Part VI, Table I). 
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The work described in Parts X, XI, XIII, and XIV has yielded data on the proportions in 
which isomeric olefins are formed in certain bimolecular eliminations involving secondary and 
tertiary alkyl halides and sulphonium ions; and also on unimolecular elimination from certain 
tertiary alkyl compounds. The work now recorded completes a series, inasmuch as it provides 
a direct determination, the only one so far made, of the proportions in which isomeric olefins 
are produced in unimolecular elimination from a secondary alkyl compound. 





EXPERIMENTAL. 


See — ee was obtained by distilling a commercial sample, through a column, 
to constant b. p. (36°). isoPropylethylene was prepared from carefully purified isoamyl alcohol, by 
conversion into the iodide, and treatment of the latter with hot, saturated, ethyl-alcoholic potassium 
hydroxide. The resulting hydrocarbon was purified by being kept in contact, with frequent shaking 
for 2 hours at 0°, with twice its volume of concentrated aqueous sulphuric acid (2 vols. of sulphuric acid 
+ 1 vol. of water). After being dried with sodium, it had b. p. 21-5°. sec.-isoAmy] iodide was prepared 
from this hydrocarbon by keeping it overnight at 20° with a saturated solution of hydrogen iodide in 

lacial acetic acid. The oil was separated and distilled (b. p. 135—139°); and the distillate was shaken 
or 2 hours at 20° with a large excess of water, and then for 2 hours with a further quantity of water. 
The iodide was finally washed with dilute aqueous sodium hydroxide, dried, and distilled (b. p. 138—139°). 
The sec.-isoamyl iodide was allowed to combine with dimethyl] sulphide in solution in methyl cyanide 
at 30° for 10 days. The separated salt (yield 60—70%) consisted essentially (analysis) of dimethyl-sec.- 
isoamylsulphonium iodide contaminated with some trimetlylsulphonium iodide. is contaminant 
we did not remove, since it seemed a difficult thing to do, and it could not interfere with the formation 
or isolation of the amylenes, as described below. 

Olefin Elimination from sec.-isoAmyl Iodide——The iodide was dropped on to boiling, saturated, 
ethyl-alcoholic potassium hydroxide. The hydrocarbons, after passing through a reflux condenser at 
40°, water at 40°, and drying tubes of potassium carbonate at 40°, were condensed at —80°. The last 
traces of the hydrocarbon were carried over in nitrogen, after addition of some water to the boiling 
alkaline solution. After being finally dried with sodium, the amylene mixture, which was distilled 
completely without a column, had b. p. 23—35°. 

lefin Elimination from Rg my gon ty Hydroxide.—An aqueous solution of the 
dimethyl-sec.-isoamylsulphonium iodide was treated with a small excess of silver oxide. The filtered 
solution was distilled, using an all-glass apparatus, into a cooled receiver, where it was treated with a 
quantity of aqueous mercuric chloride more than sufficient to absorb the sulphides. From this receiver 
the amylenes were drawn by pumping, in a slow stream of air, through two further traps containing 
mercuric chloride solution, through calcium chloride and phosphoric anhydride, and into a receiver cooled 
in liquid air. The product was quite free from sulphides. After being kept for some time in contact 
with sodium, it was distilled completely without a column. The yield was 6-6%, calculated on pure 
dimethyl-sec.-tsoamylsulphonium iodide. 

Analysis of the Olefin Mixtures.—The refractive indices required for the analysis of the amylenes 
derived from sec.-tsoamy] iodide were measured at 12-5° with the aid of a modified Pulfrich refractometer 
(60° prism), by Bellingham and Stanley, belonging to the University of Leeds. The refractive indices 
(AHg 5461 a.) were as follows: trimethylethylene, 1-33966; isopropylethylene, 1-32027; mixture, 
1-33615. The composition of the mixture is thus: trimethylethylene, 81-9%; isopropylethylene, 
18-1%. By the courtesy of Sir Jack Drummond, the measurements of refractive index needed for the 
analysis of the amylene mixture derived from dimethyl-sec.-isoamylsulphonium hydroxide were made 
at 4° in a cold-room in the Department of Biochemistry of University College, London. In this case an 
ordinary Pulfrich instrument was used, and observed angles were used directly for the interpolation 
required to give the composition of the mixture. The angles (A Hg 5461 a.) were as follows: trimethy]l- 
ethylene, 0° 0’ 36”; isopropylethylene, 3° 13’ 18”; mixture, 0° 17’ 12”. The resulting composition is 
as follows: trimethylethylene, 91-4%; isopropylethylene, 8-6%. 


THE UNIVERSITY, LEEDS. 
University CoLLEGE, Lonpon, W.C.1. [Received, January 15th, 1948.} 





426. Mechanism of Elimination Reactions. Part XVI. Constitutional 
Influences in Elimination. A General Discussion. 


By M. L. Duar, E. D. HuGues, C. K. Incotp, A. M. M. Manpour, G. A. Maw, 
and L. I. Wootr. 


Classical organic chemistry has provided two empirical rules for the orientation of elimin- 
ation, the Hofmann rule, that tetra-alkylammonium ions give the least alkylated ethylene, and 
the Saytzeff rule that alkyl halides produce the most alkylated ethylene. These antithetical 
rules are reconciled on the basis that they signalise different internal processes of electron 
displacement, which appear at different times during an individual molecular act of elimination, 
and are energised from independent sources. The detailed theory involves the correlation of 
orientation with reaction rate and kinetic type, and the fitting of constitutional effects on all 
these phenomena into the framework of the established mechanisms of elimination. 
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The Hofmann rule is part of a broader pattern of constitutional effects, which can all be 
consistently interpreted as the control of elimination by inductive electron-displacement. 
The effect depends on the polarity of substituents, and their consequent ability to create a pesi- 
tive electrical field at the } gow atom. Amongst alkyl compounds, control by the inductive 
effect is dominating for bimolecular eliminations when the electron-attracting substituent, 
Y in HCg’CaY, carries a positive ionic charge. Substituents of sufficient polarity will, however, 
exert a dominating inductive effect on elimination in any system. 

The Saytzeff rule is a part of another general pattern of structural effects, all of which can be 
consistertly interpreted as the control of elimination by electromeric electron-displacement. 
This effect depends on the unsaturation of substituents, and their consequent ability to con- 
jugate or hyperconjugate with the developing olefinic double bond, Cg:Cg. Amorgst alkyl com- 
pounds, control by the electromeric effect is dominating in bimolecular eliminations when the 
electron-attracting group Y is uncharged ; and in all unimolecular eliminations. Substituents of 
sufficient unsaturation will, however, exert a dominating electromeric effect on elimination in 
any system. 

The inductive effect is a polarisation, exerted from the commencement of reaction; but the 
electromeric effect is a polarisability effect, which is developed during reaction, and achieves 
its main kinetic importance in the transition state of olefin formation. The inductive effect is 
driven by the Coulomb forces of classical electrostatic polarity; but the electromeric effect is 
energised independently by the quantal resonance of electrons having properties of unsaturation. 
The polarity and unsaturation of alkyl groups are especially corsidered, and the concept of 
hyperconjugation is broadened. 

Steric factors may limit the free operation of these polar constitutional influences. The 
most important steric restriction on elimination is that the B-CH electrons in HCg-Cg*Y must 
enter the octet of C, on the side remote from Y. This applies only to bimolecular elimination ; 
but it then applies no matter whether Y is a formally neutral group, or whether it carries a 
positive ionic charge. The requirement arises from the need to economise energy by minimising 
bond-overlap in the transition state of elimination. 

This discussion of constitutional effects on heterolytic 1 : 2-elimination is complementary 
toa cca, of environmental effects already given in Part V and supplemented in Parts VII 
and . 


(1) MECHANISMS OF ELIMINATION. 
Any reaction of the form 


X—s—b—-Y —> X + o=3 + ¥ 


where X separates without the electrons which it shared with a, and Y with those which it shared 
with b, X and Y being otherwise unrestricted as to charge, may be designated a heterolytic 
1: 2-elimination. The context admitting no ambiguity, we shall often hereafter refer to such a 
reaction simply as an elimination. 

We are to discuss constitutional effects on heterolytic 1: 2-eliminations. Any theory of 
such constitutional effects must be fitted into an established framework of reaction mechanism. 
Therefore we shall first consider the nature and range of application of the mechanisms known 
to be available. 

(1.1) Bimolecular Mechanism (E2).—This was first recognised as a general mechanism of 
elimination by Hanhart and Ingold in 1927. It is the most widespread of elimination 
mechanisms. It may be described for the case in which X is a hydrogen, and a and b are carbon 
atoms, since this is the most common case, though other possibilities for all these atoms exist 
as will be mentioned later. In the case specified, a reagent Z possessing nucleophilic (in par- 
ticular basic) properties extracts the protonic part of a combined hydrogen atom, while an 
electron-attracting group Y simultaneously separates in possession of its previously shared 
electrons. A co-operative effect arises in 1 : 2-elimination by this mechanism, since the hydrogen 
atom and the electron-attractor are bound to adjacent atoms, and therefore atomic electron 
shells may remain complete throughout the change, without any alteration of the carbon frame. 
Two bonds are broken, but each fission assists the other, the two together constituting a single 
synchronised act. The mechanism may be formulated thus, 


(™ 
2+ H“cR~ cr, —> 2H + CR,CR, +¥ . a 


the arrows showing how the charges on Z and Y are changed, though for the charges themselves 
there are several possibilities. 

The consequences of the bimolecular mechanism have up to the present been illustrated 
with respect to the formation of olefins from tetra-alkylammonium salts, certain specially 
chosen tetra-alkylphosphonium salts, trialkylsulphonium salts, dialkyl and aryl alkyl sulphones, 
and alkyl halides. The mechanism has also been made probable for alkyl sulphonates and 
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certain alkyl carboxylates. Neutral or negatively charged reagents, varying in basicity from 
water to ethoxide and amide ions, have been employed : 


‘Y =-NR,, -PR,, SR,, -SO,R, -Cl, -Br, «I, -O-SO,R, -O-COR 
Z = OH,, NMe,, OAc, O-C,H,-NO,, OPh, OH, OEt, CO,, NH, 


The following reactions are typical of those which have been investigated in this connexion 
(cf. p. 2096) : 


NMe, + CH,Ar-CH,-NMe, —> NHMe, + CHAr:CH, + NMe, 
OH + CH,-CH,-SMe, —> OH, + CH,:CH, + SMe, 
OH + CH,-CH,-SO,-Et —> OH, + CH,:CH, + SO,Et 
OEt + CH,ArCH,Br —> HOEt + CHAr:CH, + Br 


To these examples we may first add two others, chosen because they show that conditions 
similar to those required for the bimolecular formation of the double bond C:C by olefin elimin- 


ation also apply to the formation of the double bonds C:N and N°N by corresponding elimination 
processes : 


OH + Ph-CH,-NMe-SO,Ar —> OH, + Ph-CH!NMe + SO,Ar 
OEt + Ac‘NH:NH-‘SO,Ar —> HOEt + Ac‘N:NH + SO,Ar 


The first of these equations expresses the hydrolysis of a sulphonamide, containing a suitably 
disposed hydrogen atom, by means of concentrated alkali, to a sulphinic acid and a Schiff’s base 
(instead of, as might be thought normal, to a sulphonic acid and an amine). The second 
equation, together with the presumed decomposition AcN,H —-> AcH + N,, constitutes a 
representation of McFadyen and Stevens’s method of converting a carboxylic acid into the 
corresponding aldehyde by alkaline alcoholysis of a sulphony] derivative of the acid hydrazide. 
We give one more example, which is due to Sommers and Whitmore : 


OH + SiCl,-CH,-CH,Cl —> HO-SiCl, + CH,:CH, + Cl 
It is mentioned in order to illustrate the point that other groups than hydrogen may have a 
sufficient affinity for a strongly nucleophilic reagent to fulfil the same function as that which 
hydrogen often fulfils in the generalreaction. (In practice, the compound HO‘SiCl, is hydrolysed 
to silicic acid.) 

The originally advanced evidence of mechanism was largely circumstantial : it had reference 
to the conditions and course of the reaction, especially the obvious need for a strong base. 
Much firmer evidence has been supplied since by the use of reaction kinetics and of the isotopic 
indicator method. 

Eliminations which proceed by the bimolecular mechanism normally exhibit second-order 
kinetics. Such kinetics have been formally established in representative cases extending over 
the following range of variation of the electron-attracting group Y and the basic reagent Z : 


-Y = -NR,, ‘$R,, Cl, “Br, «I 
Z = OH, OEt 
However, just as with bimolecular nucleophilic substitution, this correspondence between 


mechanism and reaction order is not universal. In the investigated cases of it, a strongly basic 
reagent is employed, as in the following example (Ar = C,H,) : 


OH + Ar-CH,-CH,-NMe, —> OH, + Ar-CH:CH, + NMe, (E2; 2nd order) 
But if the vulnerable hydrogen atom is further activated by an appropriate constitutional 
change, a much weaker base will suffice; and that may be a solvent molecule. If, in the above 
example, a p-nitro-group is introduced into the 2-phenylethylammonium ion, the following 
reaction will take place, which is of the first order in aqueous solution (Ar = p-C,H,*NO,) : 


OH, + Ar-CH,CH,NMe, —> OH, + Ar-CH:CH, + NMe, (E2; 1st order) 


In spite of its kinetic order, this reaction is undoubtedly bimolecular in mechanism, as is shown 
by the large increases of speed which are observed when small amounts of some stronger base 
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than water are added initially. (Kinetic complications do not arise from the production of the 


+ 
base NMe,, because this accepts a proton from the simultaneously formed OH,, thus instantly 
losing its basic properties.) 

Although the kinetic results are consistent with the bimolecular mechanism, they do not of 
themselves exclude a two-stage process, in which the basic reagent first extracts a proton from 
the alkyl compound, leaving an anionic form, which then suffers unimolecular change with loss 
of the electron-attracting group. This possibility has, however, been excluded by Skell and 
Hauser, by examination of the following reaction in ‘‘ heavy ” alcohol, EtOD, as solvent : 


OEt + Ph-CH,-CH,Br —> HOEt + Ph-CH:CH, + Br 
They showed that 2-phenylethyl bromide, isolated after the reaction had proceeded part way, 


contained no deuterium, and that therefore the anionic form CHPh*CH,Br could not have been 
produced as an intermediate product. 

Sectional Summary.—This Section surveys the evidence for, and established range of applic- 
ation of, the bimolecular mechanism of elimination. 


References.—(a) Ammonium salts. (1) Hanhart and Ingold, J., 1927, 997; (2) Ingold and Vass, /., 
1928, 3125; (3) v. Braun, Teuffert, and Weissbach, Annalen, 1929, 472, 121; (4) v. Braun and Buchmann, 
Ber., 1931, 64, 2610; (5) v. Braun and Hamann, Ber., 1932, 65, 1580; (6) Ingold and Patel, J., 1933, 
68; (7) Hughes and Ingold, ibid., p. 523; (8) Hughes, Ingold, and Patel, sbid., p. 526; (9) Part VII, 
this vol., p. 2043. 

b) Phosphonium salts. (10) Fenton and Ingold, J., 1929, 2342; (11) Hey and Ingold, J., 1933, 531. 

" Sulphonium salts. (12) Green and Sutherland, J., 1911, 99, 1174; (13) Ingold, Jessop, Kuriyan, 
and Mandour, J., 1933, 533; (14) Ingold and Kuriyan, ibid., p. 991; (15) Hughes and Ingold, sbid., 
p. 1571; (16) Gleave, Hughes, and Ingold, J., 1935, 236; (17) Part VIII, this vol., p. 2049; (18—21) 
Parts XII—XV, this vol., p. 2072 et seg. Cf. also refs. 3 and 9. 

(d) Sulphones. (22) Fenton and Ingold, J., 1928, 3127; (23) idem, J., 1929, 2338; (24) idem, J., 
1930, 705. 

(e) Halides. (25) Olivier and Weber, Rec. Trav. chim., 1934, 58, 1087, 1093; (26) Hughes, J. Amer. 
Chem. Soc., 1935, 57, 708; (27) Hughes and Ingold, J., 1935, 244; (28) Hughes, Ingold, and Shapiro, 
J., 1936, 225; (29) Hughes and Shapiro, J., 1937, 1177; (30) idem, p. 1192; (31) Hughes, Ingold, Master- 
man, and MacNulty, J., 1940, 899; (32—34) Parts IX—XI, this vol., p. 2055 e¢ seq. Cf. also refs. 9 
and 17. 

(f) Esters. (35) W. Hiickel, Tappe, and Legutke, Annalen, 1940, 543, 191; (36) Hauser, Shivers, 
and Skell, J. Amer. Chem. Soc., 1945, 67, 409. 

(g) yer pee nr cae (37) Holmes and Ingold, J., 1926, 1305. 

(h) Sulphonhydrazides. (38) McFadyen and Stevens, J., 1936, 584. 

(i) SiCl,-substituted halides. (39) Sommers and Whitmore, J. Amer. Chem. Soc., 1946, 68, 485; 
(40) Sommers, Goldberg, Dorfman, and Whitmore, ibid., p. 1083. 

() Reaction kinetics. Cf. refs. 7, 9, 12, 15—21, and 28—34. ‘ 

(k) Isotopic indicator. (41) Skell and Hauser, J. Amer. Chem. Soc., 1945, 67, 1661. 


(1.2) Unimolecular Mechanism (E1).—This process was signalised as a general mechanism by 
Hughes in 1935. It is known as yet only for the important case in which X is a hydrogen atom, 
and a and b are carbon atoms. Its main characteristic is that the electron-attracting group Y 
breaks away without the co-operation of the proton-extracting reagent Z, leaving a carbonium 
ion, which subsequently loses a proton to the solvent or some other proton acceptor. The 
reaction thus has two stages, of which the first, the heterolytic separation of Y, is rate-deter- 
mining; so that the rate of the overall reaction is independent of any added base. The 
mechanism may be formulated thus, 


H—CR,—CR,-¥ => H-R,-€R, + ¥ 
ow aaa 
H—CR,—¢R, = H + CR,ICR, 


where the group Y may be either formally neutral or positively charged before reaction, becom- 
ing, as the case may be, either negatively charged or neutral afterwards. 

Up to the present this mechanism has been established (in one case, made probable) over the 
following range of electron-attracting groups : 


‘Y = SR,, -Cl, “Br, I, -0-SO,R 
Two illustrations may be given of eliminations for which this mechanism is prominent : 


CH,-CMe,Br —> Hf + CH,{CMe, + Br 
CH,CMe,-SMe, —> H + CH,{CMe, + SMe, 
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Our evidence of this mechanism is derived mainly from the study of the reaction kinetics, 
particularly with reference to its insensitiveness to bases, its relation to concurrent unimolecular 
substitution, and its orientation. 

We may emphasise the generality of what has been pointed out in particular cases before, 
viz., that the bi- and uni-molecular mechanisms, E2 and £1, must merge into each other. For 
in mechanism E2 the attack of Z assists the separation of Y, whereas in mechanism E1 the 
reagent Z gives no such aid; and there must be a wide range of degrees of assistance which Y 
might require and a suitable Z could render. 

Sectional Summary.—This Section surveys the evidence for, and the established range of 
application of, the unimolecular mechanism of elimination. 


References.—(a) Halides. (26) Hughes, loc. cit.; (42) Hughes, Ingold, and Scott, Nature, 1936, 188, 
120; (43) idem, J., 1937, 1271; (44) Hughes, Ingold, and Shapiro, J., 1937, 1277; (45) Cooper, Hughes, 
and —- J., 1937, 1280; (46) Hughes, Ingold, and MacNulty, J., 1937, 1283. Cf. also refs. 9, 17, 
21, 33, and 34. 


(b) Sulphonium salts. (47) Part VI, this vol., p. 2038. Cf. also refs. 9, 17, 20, and 21. 
(c) Sulphonic esters. (48) W. Hiickel and Tappe, Annalen, 1939, 587, 113. Cf. also ref. 35. 
(d) Reaction kinetics. Cf. refs. 9, 17, 20, 21, 33, 42, 43, 44, and 45. 


(2) EmprrRicAL ORIENTATION RULES AND THEIR GENERAL SIGNIFICANCE. 


During the classical period of organic chemistry, a peculiar situation arose in relation to the 
rules which summarised empirical knowledge concerning the orientation of elimination. We 
shall sketch this situation in the present Section, since an important part of the problem with 
which we were confronted was that of fitting it into the mechanistic framework outlined in 
Section 1. 

It was observed by Hofmann (Amnalen, 1851, 78, 253; 79, 11) that when a quaternary 
ammonium hydroxide contains different primary alkyl radicals, so that various olefins might 
be produced by decomposition in different directions, the principal olefin to be formed in the 
actual decomposition of the quaternary compound is always ethylene if an ethyl group is present. 
Though originally given with the limitations stated, this rule has since, by an obvious generalis- 
ation, been taken to require the preferential formation, from a quaternary ammonium hydroxide 
containing only primary alkyl groups, of that ethylene which carries the smallest number of 
alkyl substituents. 

It was pointed out by Saytzeff (Annalen, 1875, 179, 296) that, of the isomeric olefins which 
could be formed from a secondary or tertiary alkyl halide by elimination in the different branches 
of the alkyl chain, the one actually produced in greatest proportion is determined by the con- 
dition that the eliminated hydrogen atom is lost preferentially from that carbon atom which 
bears the smallest number of hydrogen atoms. An equivalent expression of the same rule is 
that it requires the preferential production, from a secondary or tertiary alkyl halide, of that 
ethylene which carries the Jargest number of alkyl substituents. 

So long as Hofmann’s and Saytzeff’s rules were regarded as merely expressing the observed 
effects of unknown causes in unrelated fields of organic chemistry, their antithetical relation to 
each other was hardly noticed. But after Hanhart and Ingold had given a treatment of the 
decompositions of quaternary ammonium compounds which placed the reactions of those 
substances in the same class as those of alkyl halides, then it at once became a challenge to 
discover why two contradictory rules, jointly summarising all that was known about the 
orientation of elimination, should govern different applications of the same general reaction. 

From the outset of this enquiry our basic assumption has been that the co-existence of two 
antithetical orientation rules betrays the presence of two internal orientational processes. 
Each may well require a different set of systemic conditions for its most effective operation. 
Each will certainly be driven forward by a diffreent set of forces. It is fundamental to this 
general picture that the two sources of energy shall be independent each of the other, in order 
that the two processes may be able to work in the same system, without mutual interference, 
and either in conjunction or in opposition. 

Already in 1930, when this work was begun (preceding paper), a somewhat similar position 
had arisen with reference to another group of organic reactions; and it was then in the process 
of being interpreted. The reactions were those of aromatic substitution; and we shall here 
recall what happened in that matter, because it provides a helpful analogy with the problem 
with which we have to deal concerning the orientation of eliminations. Two partly contrary 
orientation rules of aromatic substitution had been recognised. A large class of substituents 
oriented further substitution, either to the ortho- and para-, or to the meta-positions, according 











2098 Dhar, Hughes, Ingold, Mandour, Maw, and Woolf : 


to the direction of the dipole associated with the link between the substituent and the aromatic 
ring. Another class of substituents, those connected to the ring through a negative or neutral 
atom having unshared electrons, directed uniformly towards the ortho- and para-positions, even 
when such orientation was contrary, as in most cases it was, to the effect to be expected from 
the direction of the link dipole. 

The first step in the interpretation involved associating each of the rules of orientation with 
a separate form of electron displacement. The second step was to show, through a combined 
study of the orientation and velocity of substitution, that the two effects to a large extent enter 
at different stages during any individual molecular act of substitution. Putting these two 
points together, the conclusion was that inductive electron displacement is responsible for the 
orientation connected with the link dipole, and is largely a polarisation, i.e., a displacement 
which is prominent in the initial state of the reacting system; but that electromeric electron 
displacement produces the orientation originating in the unshared electrons, and is mainly a 
polarisability effect, i.e., a displacement which belongs chiefly to the transition state of the 
reacting system. The third step in the interpretation, viz., the recognition of the fundamental 
reason for the mutual independence of the two effects, was not completed until 1933, when it 
was shown that, whereas the forces driving the inductive effect are of the classical electrostatic 
type, the driving force behind the electromeric effect is basically non-classical, being of the same 
general nature as are the forces of exchange degeneracy in the theory of co-valency. That was 
the real reason why a substituent like chlorine could, in the same reaction, give rise to phenomena 
which suggested a simultaneous attraction and repulsion of electrons (Allen, Oxford, Robinson, 
and Smith, J., 1926, 401; Ingold and Ingold, ibid., p. 1310; Ingold and Shaw, /J., 1927, 2918; 
Ingold, J., 1933, 1120). ? 

This theory of aromatic substitution provides a very close parallel to the theory which we are 
going to build concerning elimination. Again we start with antithetical orientation rules. And 
in the interpretation we shall find the same two forms of electron displacement, the same kind 
of distinction between the time of appearance of each in the course of a molecular act of elimin- 
ation, and that same sort of independence, of ability to work in opposite directions without 
mutual interference, which produces the prima facie impression of a group behaving towards 
electrons (and protons) in both of two inconsistent ways. 

Sectional Summary.—The Hofmann and Saytzeff rules for the orientation of elimination are 
so antithetical as to suggest that they signalise internal processes of electron displacement which 
are energised in independent ways. The analogy of aromatic substitution is cited as a guide 
for the construction of a theory on these general lines. 


(3) ORIENTATION AND REACTION RATE. MORE DETAILED INTERPRETATION. 


(3.1) Bimolecular Elimination in ’Onium Ions : The Inductive Effect.—The internal mechanism 
underlying Hofmann’s rule was identified with the general inductive effect by Hanhart and 
Ingold. A heterolytic elimination always involves a strongly electron-attracting group, which, 
by inducing a positive charge on all the surrounding carbon atoms, loosens the protons, a suffi- 
cient loosening of a ®-proton permitting the elimination mechanism E2. A group which, by 
releasing electrons, tends to neutralise the induced positive charge on the 8-carbon atom, and 
thus to tighten its hold on the f-protons, will inhibit reaction. The terminal methyl radical of 
the »-propyl group acts in this way, and so determines that, in accordance with Hofmann’s 
rule, the n-propyl group will show relatively little tendency to engage in an olefin-forming 
process if an ethyl group is available to fulfil this function (formula I, below). 

Similarly, an isobutyl group will not participate to any great extent in elimination if a 
n-propyl group (still more, if an ethyl group) is available; and, naturally, the terminal methyl 
radicals in the n-propyl and isobutyl groups may be replaced by ethyl or higher homologous 
radicals without changing these comparisons. This is the generalised rule given in Section 2, 
which actually was obtained by Hanhart and Ingold from the theory, Hofmann’s original 
empirical rule being recognised as a special case. 

Further generalisation follows from the consideration that the protective electron displace- 
ment can be relayed to the B-carbon atom from non-adjacent atoms, but only with considerable 
loss of intensity. Thus the protective effect to be observed in the n-propyl group will be in- 
creased in the n-butyl group, but it will not be so great there as in the isobutyl group. In 
general the effect will increase with homology, tending to a limit but always subject to the 
condition that a branched-chain radical is more effective than the isomeric normal chain. 

Outside the range of hydrocarbon radicals, we expect electron-attracting substituents to 
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promote elimination, and to do so with greatest effect if they are directly attached to the 
f-carbon atom (formula IT). 


4) % 
(1.) CH,>CH—CH,—N—CH,—CH—H Cl “H~CH,—} —CH,—CH—H (IL) 
es) 
Me Me ¢liminated eliminated MWe Me 


With various degrees of elaboration and completeness, these deductions from theory have 
been tested and established for a number of primary alkyl and substituted alkyl groups, not only 
for ammonium hydroxides and ammonium ethoxides, but also for sulphonium hydroxides and 
for the alkali-promoted decompositions of sulphones (Section 1.1, refs. 1, 2,6, 13, 14, 22, and 23). 

Although the bimolecular mechanism was presupposed in the theory, no control over the 
reaction kinetics was established at the time of these experiments, the existence of the unimole- 
cular mechanism of elimination being then unsuspected. However, the investigations were 
almost entirely concerned with alkaline decompositions involving primary alkyl groups, and 
subsequent research has shown that in these conditions the mechanism is in fact wholly 
bimolecular. The actual method of experiment was orientational, the measurement relating 
to the proportions in which products were formed in decompositions capable of proceeding in a 
number of alternative directions. 

One form of the method was to place two olefin-forming alkyl groups in competition with 
each other in the same ’onium ion (or sulphone), as illustrated in the preceding formule. Using 
this method, it has been shown, for instance, that in the decompositions of sulphonium hydroxides 
the first four primary alkyl groups stand in the following order with respect to the facility with 
which they split off as olefins : 


ethyl > »-propyl > n-butyl > isobutyl. 


Another method of comparison employed ’onium ions containing only one olefin-yielding alkyl 
group, and otherwise only methyl groups. The basic assumption was that changes in the 
olefin-forming group would not much affect the tendency of a methyl group to split off in a 
substitution reaction. Accordingly, the success of the elimination with different olefin-forming 
groups, in competition with this more or less standard process of displacement of the methyl 
group, was taken as a measure of the intrinsic tendency of the variable alkyl group to yield an 
olefin. It was also assumed that the comparison would not be upset by any large tendency 
among the variable alkyl groups to be displaced by substitution, and that seems to be true to a 
fair degree of approximation. The decompositions of ammonium hydroxides, for instance, 
have been studied in this way, and the following primary alkyl groups have thus been placed 
in order with respect to the ease with which they yield olefins in this reaction : 


ethyl > n-propyl > n-butyl > n-amyl ~ n-octyl > isoamyl > isobutyl > ¢-hexyl 


After duality of mechanism for eliminations generally, and the consequent need for kinetic 
control, had been realised, it was felt desirable not only to confirm kinetically that the reactions 
studied are bimolecular, as those which produce olefin from primary alkyl groups in ammonium 
and sulphonium ions certainly are (Section 1.1, refs. j), but also to ascertain whether the rates 
of bimolecular olefin formation from such ions really do vary with homology in the sense indicated 
by theory, and by the experiments on orientation. For the simpler primary alkyl groups this 
has been done, and that part of the work which relates to sulphonium ions* is now published 
(Part XII). The results are consistent with theory, and with the orientational data. Thus the 
second-order rate-constants for the reaction 


RR’CH-CH, ‘SMe, + OEt —> HOEt + RR’C:CH, + SMe, 


where R, R’ = H, Me, Et, in dry ethyl alcohol at 64°, with sulphonium iodide and sodium 
ethoxide initially at concentrations 0°05 and 0-095, respectively, are as follows [k(E2) is in 
sec.-! g.-mol.-! 1.] : 


Allk in AlkSMey.......0.0+0-+- Ethyl. _n-Propyl. "-Butyl. _isoButyl. 
I i snteasensnais 60 27 17 14 


The remarkable effect on rate which was observed (Part XII) with R = Ph will be considered 
in Section 3.4. 


* The part which relates to ammonium ions is being developed as a study of salt effects, and is 
therefore not yet ready for publication. 
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At the outset of our work it was known that the Hofmann rule applied to primary alkyl 
groups in ’onium ions, and that the Saytzeff rule applied to secondary and tertiary alkyl groups 
in halides; but nobody knew whether the change of rule was due to the difference in the type 
of alkyl group, to the difference in the type of the electron-attracting group, or to a difference 
of mechanism. We therefore proceeded to delimit the possibilities by extending our study of 
the bimolecular mechanism of elimination to secondary and tertiary alkylsulphonium ions. 
These experiments had reference both to the orientation and the velocity of elimination, but 
even the orientation experiments were made under kinetically controlled conditions, a precaution 
which is certainly necessary when dealing with secondary and tertiary alkyl groups. 

As to orientation, the answer for secondary alkyl groups is given by the following result for 
bimolecular elimination from the dimethyl-sec.-butylsulphonium ion (Part XIII) : 


CH,-CH,-CH(SMe,)-CH, Gay CHsCH=CH-CH, + CH,-CH, CH=CH, 
+OEt- 26% 74%, 


This is orientation according to the extended Hofmann rule, the principal olefinic product being 
the ethylene which carries the smaller number of alkyl substituents. It is theoretically explained 
by an assumed protection of the §-hydrogen atom in the longer branch of the sec.-butyl group 
by an electron-displacement from the terminal methyl substituent in that branch. 

Reaction rates confirm this diagnosis. For the second-order rate-constants of the reaction 


R-CH,-CHMe‘SMe, + OEt —> HOEt + Olefins + SMe, 


with R = H, Me, in ethyl alcohol at 64°, and with salt concentrations 0°05 and 0°095m as before, 
the following values [k(E£2) in sec. g.-mol.-11.] were found (Part XIII) : 


Alc in AlkSMey........0ce00+ce0e« 
longer branch 


520 185 
105k(E2): total 1040 695 
shorter branch 520 510 


It will be noticed that the higher homologous group gives olefin more slowly, as though the 
B-linked methyl substituent, which it contains, was producing a protecting effect. Further, 
practically the whole of the reduction of rate is due to the diminished rate of entry of the double 
bond into that alkyl branch which contains the $-methyl substituent, the rate of its entry into 
the other branch being almost unaffected. This: shows that the protecting action is localised 
in the molecule, just as one would expect of the inductive electron displacement, which is 
postulated. 

Even in the figures thus far quoted there is a warning that the theory of the Hofmann rule 
is not a complete theory of orientation and velocity in bimolecular elimination from primary 
and secondary alkyl-sulphonium ions. The secondary groups, isopropyl and sec.-butyl, differ 
from the primary groups, ethyl and n-propyl, respectively, in that the secondary groups possess 
an extra «-linked methyl substituent. According to the theory of the Hofmann rule, this extra 
substituent could exert some protective effect on the 8-protons of the other branch of the 
secondary alkyl group; but it would be a small effect, not nearly as big as if the extra substituent 
were in the §-position, and therefore close to the $-protons. Thus, as compared with ethyl and 
n-propyl, respectively, we should expect olefin formation in those branches of isopropyl and 
sec.-butyl with respect to which the extra methyl group can be regarded as an a-substituent to 
proceed at a slightly reduced rate. Actually it proceeds at a considerably increased rate—a 
rate 7—9 times larger than in the absence of the «-methyl substituent. An enormously enlarged 
effect in the same direction is observed when we introduce an a-pheny] substituent (Part XIII). 
Obviously these «-substituents are acting in some way of which our theory has yet to take 
account : we shall consider what it is in Section 3.2, and discuss these particular applications 
in Section 3.4. 

As to tertiary alkyl groups, the nature of the orientation governing bimolecular elimin- 
ation from sulphonium ions is shown by the following result for the reaction of the dimethyl- 
tert.-amylsulphonium ion (Part XIV) : 


tsoPropyl. sec.-Butyl. 


CH,-CH,*CMe(SMe,)-CH, Gay CHsCH=CMe-CH, + CHyCH,CMe=CH, 
+OEt- 14% 86% 


This again is orientation according to the generalised Hofmann rule, and the explanation 
previously illustrated applies. The fact that the ratio in which the isomeric olefins are formed is 
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about 6: 1, whereas in the corresponding reaction ofthe dimethyl-sec.-butylsulphonium ion it 
was only about 3 : 1, is intelligible on statistical grounds alone, since the tertiary group has two 
shorter branches in competition with the longer branch, whilst the secondary group has only one. 

Reaction rates in the tertiary series confirm control by the factors underlying the Hofmann 
tule. For the second-order rate-constants of the reaction 


R-CH,*CMe,SMe, + OFt —> HOEt + Olefins + SMe, 


where R = H, Me, in 97% ethyl alcohol at 25°, with sodium ethoxide in large excess at con- 
centrations about 0°25n, the following values [k(E2) in sec. g.-mol.1.] were determined 
(Part XIV) : 


Alk in AlkSMe, sab nenecesennennenseeetonen tert.-Butyl. tert.-Amyl. 
longer branch 2 

80 56 
each shorter branch 27 24 


Again the higher homologue gives olefin more slowly, and nearly the whole of the diminution 
of velocity arises from the reduced rate of entry of the double bond into that alkyl branch which 
has the extra 8-methyl substituent. The factor by which the @-linked methyl substituent in the 
tert.-amyl group reduces the rate of establishment of a contiguous double bond is 0°30. From 
the rates already given for the secondary alkyl compounds one may see that the same factor for 
the sec.-butyl group is 0°36. And from the rates for the primary compounds it follows that the 
factor for the ”-propyl group is 0°45. One may reasonably conclude that just the same type of 
protective effect as has been assumed to arise from $-alkyl substituents in primary alkyl groups 
is also at work in suitably constituted secondary and tertiary alkyl groups. We interpret this 
effect as due to inductive electron displacement. 

As compared with the secondary groups isopropyl and sec.-butyl, the two tertiary groups 
tert.-butyl and ¢ert.-amyl possess an extra «-methyl substituent. The rate figures already given 
do not enable the effect of this a-substituent to be assessed because the temperatures are not all 
the same. However, at still another temperature the primary, secondary, and tertiary series 
have been directly compared with respect to bimolecular elimination rates, by means of the 
groups ethyl, isopropyl, and ¢ert.-butyl, which respectively possess 0, 1, and 2 a-methyl substi- 
tuents. For the second-order rate-constants of the reaction 


105k(E2) : traf 


CH,-CRR’-SMe, -+ GEt —> HOEt + CH,:CRR’ + SMe, 


where R,R’ = H, Me, in ethyl alcohol at 45°, with sulphonium iodide and sodium ethoxide 
initially in concentrations 0°02 and 0°095M, respectively, the following values [k(E2) in sec.- 
g.-mol.-!].] have been determined (Part XIV) : 


Alk in AlkSMe, ieee Ethyl. isoPropyl. tert.-Butyl. 
total 5 114 2930 
10%%(E2) { Te branch 5 57 977 


If, in all three cases, we consider the rate of establishment of the double bond in a given alkyl 
branch, then we see that, starting with ethyl, the effect of introducing the single «-methyl 
substituent present in the isopropyl group is to increase the rate by a factor of 11, whilst the 
effect of the second similar substituent additionally present in the #ert.-butyl group is a further 
increase of the rate by a factor of 18. There can be no doubt, therefore, that the effect of an 
a-alkyl substituent is to accelerate bimolecular elimination, and, as we have noticed already, 
that is not intelligible on the basis of the simple electrostatic theory underlying the Hofmann 
rule. 

Sectional Summary.—We here summarise our conclusions concerning bimolecular elimin- 
ation from ’onium ions. Studies of orientation and reaction rate at first with ammonium and 
sulphonium ions containing only primary alkyl groups, and then with secondary and tertiary 
alkyl groups, have shown, for each of these series, that orientation corresponds to the generalised 
Hofmann rule, and that rate comparisons between different compounds confirm the picture of 
constitutional influences which follows from that rule. These orientational and kinetic 
phenomena satisfy in detail the requirements of Hanhart and Ingold’s origina] interpretation 
of the Hofmann rule as an application of the inductive effect; and this is the dominating con- 
stitutional effect for the stated range of phenomena. However, rate comparisons between the 
primary, secondary, and tertiary alkyl series reveal the simultaneous operation of a constitutional 
effect not covered by the explanation. 
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(3.2) Bimolecular Elimination in Halides : The Electromeric Effect—_When Baker and Nathan 
(J., 1935, 1844) first adduced evidence for the view that the electrons of a CH-bond participate 
in tautomeric electron-displacements, much in the manner of unshared electrons, although in 


‘x (x (x CY 
general with less freedom (compare, for instance, H—C—-C—C with RO—C—C), we saw immedi- 
ately that this might be the internal mechanism responsible for the elimination phenomena 
summarised under Saytzeff’s rule. However, this idea could not at once be established formally. 

For in the first place, the evidence for the special form of electron displacement which Baker 
and Nathan had postulated, hyperconjugation, as it was subsequently called by Mulliken, 
Rieke, and Brown (J. Amer. Chem. Soc., 1941, 63, 41), itself required to be strengthened. That 
has since been done, with the result that today hyperconjugation is a well-established concept 
(see review * by Deasy, Chem. Reviews, 1945, 36, 145). 

Secondly, since the whole theory, in its application to elimination, had a much wider range 
of consequences than was comprised within the Saytzeff rule, these more general consequences 
had to be tested by new experiments. This programme has now been largely fulfilled, and the 
record of a considerable part of it is in the preceding papers. 

In the Section 3.1 we treated inductive electron-displacement as though it were the only 
internal mechanism; and, by restricting illustrations to a range of examples in which it was 
dominating, we were able to give an interpretation of orientation and reaction rate on the basis 
of the inductive effect alone, although the presence of a disturbing influence was noted. Ina 
similar manner, we shall, in this Section, make the simplifying assumption that only tautomeric 
electron-displacements need be considered; and we shall confine illustration to a range of cases 
in which this effect is dominating. By following this plan we shall be able, in the first place, 
separately to explain and illustrate the two complementary parts of the theory in a relatively 
simple way. There will then remain the problem of the co-existence of the two effects, of the 
range over which either is dominating, and of what determines those ranges : this aspect of the 
matter will be discussed in Section 3.4. 

In elimination, tautomeric electron displacements originating in alkyl groups can arise only 
during the course of reaction: obviously there is no opportunity for Baker and Nathan’s type 
of hyperconjugation in the initial state of a reaction of a saturated alkyl compound. Thus the 
internal process is one which we should classify as a polarisability effect, and we may therefore 
give it its specific name, the electromeric effect. Instead of considering the whole, detailed 
course of reaction, we may adopt the usual simplification of concentrating attention on the 
transition state. In this state, the electrons of a y-CH-bond become hyperconjugated with the 
unsaturation electrons of the partly formed CgC,-double bond. The hyperconjugation of these 
electrons modifies their wave-functions in such a way as to give them a larger share of configur- 
ation space, and therefore a smaller energy. This follows from the uncertainty principle, and 
is typical of those quantal effects, which are often summarised as resonance, and which at all 
levels of complexity, from the exchange degeneracy of a single bond onward, provide the forces 
of covalent combination. In our case, the result is a reduction of the energy of the transition 
state, and therefore of the activation energy, with a corresponding facilitation of the elimination 
process. 

We have to extend this theory in one respect. According to Baker and Nathan’s original 
principle, the resonance effect of an alkyl group attached to an unsaturated carbon atom would 
be a maximum when the alkyl group was methyl, but would diminish, and finally disappear, if it 


* NoTE By Dr. J. W. BAKER.—One statement in this review requires correction. Deasy, referring to 
olefin-elimination from quaternary ammonium salts, states: ‘‘ Hyperconjugation, which can function 
as indicated at A but cannot function at B because the elimination of a negative ion cannot occur, 
was assumed to be the decisive factor’ (italics new). 


aH 
a NX ... 
H—CH,—CH,2N—CH,—CH—CH,—H 
es No” 


The argument used by Baker (J., 1935, 1845) was to show why hyperconjugation was not operative in 
determining into which alkyl side-chain the double bond was introduced because “‘ it would be ineffective 
in retarding cationisation of the B-hydrogen atom, which will be influenced solely by the normal inductive 
effect of the alkyl group attached to Cg.” 

This conclusion, although reached before the recognition of the significance of hyperconjugation in 
determining the course of all 1 : 2-eliminations which occur by the El mechanism and in neutral secondary 
and tertiary halides by the E2 mechanism, is in agreement with the findings of Professor Ingold and his 
collaborators in this series of papers concerning E2 reactions of ‘‘ onium ’’ compounds. 
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were changed successively to ethyl, isopropyl, and éert.-butyl, owing to the progressive, and finally 
complete loss of suitably situated CH-bonds. However, it was suggested by Hughes, Ingold, 
Masterman, and MacNulty (/., 1940, 899) that even in the case of the éert.-butyl group a residual 
resonance effect will be found, and that in other cases a part of the total observed effect is not 
dependent on CH-bonds. This is because of the expectation that, when two atoms of identical 
nuclear charge are linked, the electrons will concentrate in the direction of the less saturated ; 
for to do so gives them freer motions, thereby stabilising the system in accordance with the 
uncertainty principle. An equivalent statement is that even the electrons of saturated CC-bonds 


‘WY _%&% 
have an appreciable mobility in respect of a hyperconjugation, C—C—-C—C, formally analogous 


(™ 
to that in which the electrons of CH-bonds participate, HO: but that such mobility 
in saturated CC-electrons is smaller than the analogous kind of mobility in CH-electrons. This 
extension of Baker and Nathan’s theory is naturally quite general,* though we are here con- 
cerned only with its application to the transition state in elimination. In this application we 
shall for convenience use the term electromeric effect to cover both Baker and Nathan’s original 
form of hyperconjugation and the extension described.f 

In the preceding Section we considered the separate operation of the electrostatic, or inductive, 
effect in the bimolecular mechanism of elimination, E2; and we derived a set of consequences, 
which could be verified : included amongst them was the Hofmann rule. Just in the same way, 
we shall now apply the concept of the resonance, or electromeric, effect to the bimolecular 
mechanism, E2. We shall obtain a very different set of consequences, amongst which will 
appear the Saytzeff rule. 

Our primary deductions from the theory of the electromeric effect may be set out under four 
heads. First, on account of the electromeric effect, an alkyl radical attached to the $-carbon 
atom of a complete alkyl group will stabilise the transition state of elimination in that group, 
and will therefore facilitate its degradation to an olefin. This predicted effect, which is the 
opposite of the action of the inductive effect, may be applied either to the relative rates of 
bimolecular eliminations involving different alkyl groups each in a different molecule under the 
same environmental conditions, or to the reactions of different alkyl groups, or of dissimilar 
branches of the same alkyl group, in the same molecule. Applied to primary alkyl groups, 
either in different molecules or in the same molecule, it means, for example, that a n-propyl 
group should give propylene more easily than an ethyl group should give ethylene; and that an 
isobutyl group should give isobutylene more easily still. A similar application may be made to 
symmetrically branched secondary and tertiary alkyl groups. Thus an isopropyl group should 
yield propylene less easily than a 3-n-amy] group yields pent-2-ene, and a ¢ert.-butyl group should 
give isobutylene less easily than a triethylcarbinyl group gives methyldiethylethylene. If we 
apply our deduction differentially to the unequal branches of an unsymmetrical secondary or 
tertiary alkyl group, we get Saytzeff’srule. That is illustrated for the sec.-butyl group in formule 
(III) and (IV). Of the two possible transition states of elimination that which has a methyl 
radical attached to the B-end of the «8-unsaturated bond will possess a lower-lying energy than 
the other, and hence the 8-hydrogen atom preferentially lost on elimination will come from the 
most alkylated (or least hydrogenated) B-carbon atom. An alternative statement is that the 
preferentially formed ethylene will carry the larger number of alkyl groups, two instead of only 
one. 

Our second main deduction is that, since either end of the developing double bond is equally 
available for hyperconjugation, alkyl radicals attached to the a-carbon atom of the complete 

* It may be held responsible for the shortening of the central bond in 1 : 5-dienes (Jeffrey, Proc. 
Roy. Soc., 1945, A, 188, 391; 1947, A, 188,222). Wesuggest that, as a mechanism for securing increased 
overlap, the orbitals of the central bond acquire increased p-coutent from the adjacent CH-bonds, and 
hence change shape, shrinking longitudinally and swelling laterally in such a way as to promote overlap 


with the orbitals of the double bonds. One can understand thus how a bond might contract (longi- 
tudinally) without an increase of electron-content. 


+ Two extensions of Baker and Nathan’s original theory have been discussed by de la Mare, Hughes, 
‘ ™ 
and Ingold (this vol., p. 21). They postulate hyperconjugation in the systems C—C—C—Y and 
{~ 


H—C—C—Y, where Y is an electron-attracting group. The first of these hyperconjugated systems, 
which had already been postulated by Baker (jJ., 1939, 1155), could have importance for the transition 
states of elimination in special structures, e.g., certain polyhalogen compounds. The second will be 
present in the initial states of all systems undergoing 1: 2-elimination. The only reason why we are 


not compelled to take explicit account of it throughout is that it appears as an essentially constant 
factor in most of our comparisons. 








2104 Dhar, Hughes, Ingold, Mandour, Maw, and Woolf : 


alkyl group will exert an effect on elimination generally similar to that of alkyl radicals attached 
to a B-carbon atom. This will evidently be a primary effect, and it therefore provides another 


sere H ¥K H LR 
1 a | H ‘ad H....6- Zz 
H—C,—Cg=C Cp , 
Lae. Na H-—C, g—a—Cp 
(IIL.) ( 

(Dotted arrows below formula denote hyper- (There is no similarly situated y-CH group to 
conjugation stabilising the transition state of the stabilise the transition state of this elimination, 
elimination represented by the full-line arrows represented by the curved arrows, and hence the 
above formula. Thus the sec.-butyl group gives sec.-butyl group gives ethylethylene as a minor 
1 ; 2-dimethylethylene as the main olefinic pro- product only.) 


duct.) 


strong contrast to the consequences of the theory of the inductive effect, according to which an 
«-situated radical should exert only a very small influence, owing to the distance through which 
electrostatic induction has to travel in order to reach the B-hydrogen atom. We can accordingly 
feel sure that the electromeric effect of «-alkyl radicals is the effect which will dominate in all 
circumstances. It follows that secondary alkyl groups should suffer bimolecular elimination 
more readily than primary, and tertiary more readily than secondary, provided we can assume 
that 8-radicals, if present, are exerting comparable effects in the cases compared. Thus we 
should observe increasing facility of bimolecular elimination along the series ethyl, isopropyl, 
tert.-butyl, or along the series n-propyl, sec.-butyl, ¢ert.-amyl. 

The third prediction represents an extension of the first two, inasmuch as it defines the 
relative effects of different alkyl radicals, attached either to the 8-carbon atom, or to the a-carbon 
atom, of the complete alkyl group. In either position, the largest effect will be exerted by the 
methyl radical, since it has three hydrogen atoms available for hyperconjugation. The effect 
will be reduced in any higher primary alkyl radical, and reduced more if a secondary alkyl 
radical, and still more if a tertiary alkyl radical, is substituted. 

We can draw one more conclusion: for there is nothing in the theory which restricts its 
application to alkyl groups. We have noted how a methyl radical attached to either the 
B- or the a-carbon atom of the complete alkyl group, can enter into hyperconjugation with the 
developing double bond, thus assisting its formation. Obviously an effect of the same kind, 
but stronger, is to be expected if the methyl radical is replaced by an unsaturated, and therefore 
properly conjugated, radical such as vinyl or phenyl. The theory of the electromeric effect 
on elimination is, indeed, general for unsaturated and pseudo-unsaturated substituents. 

Just as in the preceding Section we found the predictions of the theory of the inductive 
effect to be much broader than the empirical rule of Hofmann, which they included, so now we 
notice that the theory of the electromeric effect has a much greater range of verifiable con- 
sequences than those empirically recognised in the rule of Saytzeff. Numerous observations in 
the older literature of eliminations are consistently accommodated by this broader theory; but 
we have thought it desirable to subject its predictions to the more severe test of reaction kinetics, 
and it was with that object that much of the work described in the preceding papers was carried 
out. Weshall now illustrate the above-mentioned consequences of the theory of the electromeric 
effect by reference to bimolecular eliminations from alkyl bromides. 

The effect of 8-substituents in primary alkyl groups is shown by the following second-order 
rate-constants [k(E2) in sec.-! g.-mol.- 1.], applying to the reactions 


R-CH,°CH,Br + OEt —> HOEt + R-CH:CH, + Br 
. R,CH-CH,Br + OEt —» HOEt + R,C:CH, + Br 


where R = H, Me, Et, u-Pr, and Ph, in ethyl alcohol, at 55°, with total salt concentrations of 
about 0°1m (Hughes, Ingold, Masterman, and MacNulty, Joc. cit.; and Part IX) : 


GOOD accccccccccevsccscese Mihyl. n-Propyl. n-Butyl. n-Amyl. isoButyl. 2-Phenylethyl. 
MEME TEh aewknenscrennniics H Me Et n-Pr Me, C,H, 
PORE <csbassstvecees 1-6 5:3 4-3 3-5 8-5 561 


We see that a single 6-methy] substituent increases the bimolecular rate of elimination, that two 
6-methyl substituents increases it more, and that a single B-phenyl substituent does so very 
strongly; and we notice that higher alkyl @-substituents also increase the rate, but not so 
strongly as methyl does. These relationships are probably quite general, for we can illustrate 
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some of them by means of rate constants [#(£2) in sec.-1 g.-mol.+ 1.] applying to secondary and 
tertiary alkyl groups. Thus for the secondary halide reactions 


R-CH,-CHMeBr + OEt —> HOEt + R-CH:CHMe + Br 


where R = H, Me, and Et, in ethyl alcohol, at 25°, with a total salt concentration of about 
1-0m, we find the following second-order rate-constants (Part X) : 


LTO ae le sec.-Butyl. 2-n-Amy]l. 
Me. ntenkessunrsshunebrieneineknsintewipuns H Me Et 
DEED aidan pestcdsadenstersvanvapees 0-118 0-282 0-196 


For the secondary halide reactions 


R-CH,‘CHEtBr + OEt —> HOEt + R-CH:CHEt + Br 


where R = H and Me, under the same conditions as before, the following second-order rate- 
constants have been found (Part X) : 


SNE events tctanknns. prancatonnaneinces sec.-Butyl. 3-n-Amyl. 
DE . chidaibhesnibicwavisneeetsvennecnasiane H Me 
IEE dncbitisinssnicivicasniaion 0-065 0-200 


Finally, for the tertiary halide reactions 
R-CH,"CMe,Br + OEt —> HOEt + R-CH:CMe, + Br 


where R = H and Me, still under the same conditions, we have the following second-order 
constants (Part XI) : 


BED ssiinciciiccuicmncnne SR. tert.-Amyl. 
" R upespiistikbesnneamencaiienan H Me 
DOPED cicnvicccsandcdssndqvenssiiec’ 1-00 4-20 


The effect of «-substituents on the bimolecular elimination rates of alkyl bromides seems to 
be equally regular, as may be illustrated by some further rate constants [k(E£2) in sec. 
g.-mol.1 1.]. The following second-order constants relate to the reactions 


CH,-CHRBr + OEt —>» HOEt + CH,:CHR + Br 
CH,-CR,Br + OEt —> HOEt + CH,:CR, + Br 


where R = H, Me, Et, u-Pr, and Ph, in ethyl alcohol, at 25°, with a total salt concentration of 
about 10m (Parts X and XI; the figures for ethyl and 1-phenylethyl are estimated from 
measured rates under other conditions—cf. Hughes, Ingold, Masterman, and MacNulty, 
loc. cit.) : 


Group............... Ethyl. isoPropyl. sec.-Butyl. 3-z-Amyl. tert.-Butyl. tert.-Amyl. 1-Phenylethyl. 
2 Sree H Me Et n-Pr Me, MeEt C,H, 
oo 0-025 0-118 © 0-065 0-080 1-00 0-85 0-79 


We notice that a single «-methyl substituent increases the second-order rate-constant, and that 
two a-methyl substituents do so more strongly, as also does a single a-phenyl substituent; and 
again we find that, although higher alkyl substituents increase the rate, they do so less strongly 
than methyl does. Some of the same relationships can be illustrated for the reactions 


CH,-CH,*CHRBr + OEt —> HOEt + CH,-CH:CHR + Br 
CH,‘CH,°CR,Br + OEt —> HOEt + CH,CH:CR, + Br 


in which an extra §-linked methyl substituent is present, and R = H, Me, and Et. Under the 
same conditions as before, the second-order rate-constants are as follows (Parts X and XI; the 
figure for n-propyl is estimated from measured rates under other conditions—cf. Part IX, and 
also ref. 31 of Section 1.1) : 


GDA. cn.cocecacecescerenseesorsonnes n-Propyl. sec.-Butyl. 3-n-Amyl. tert.-Amyl. 
BRE MRA 4evbotninvednasaneenevoneen H Me Et Me, 
BPI) ocscnscsscescevecsenasnenes 0-083 0-282 0-200 4-20 


It is interesting to notice that the methyl radical exerts a larger effect from the «-position, 
whilst the phenyl radical acts more strongly from the $-position. This may possibly be a result 
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of the simultaneous presence of the electrostatic effect, which becomes important in the case of 
B-linked substituents, and for 6-methyl (inductive electron-repulsion) opposes the resonance 
effect, but for 8-phenyl supports it (electron attraction due to the Ar-C bond dipole). 

The manner in which the above-described effects on bimolecular elimination rate combine 
together to produce orientational effects in secondary and tertiary alkyl halides can be under- 
stood from Table I. There the second-order rate-constants for elimination under a uniform set 
of conditions are given in the form of the partial rates which correspond to elimination along the 
different branches of the alkyl groups. These partial rates are entered against the associated 
alkyl branches on either side of the chemical formule, and adjacent to each rate figure is a note 
of the substituents attached to the a- and B-ends of the double bond formed, the labels «- and 
8- denoting, as usual, those carbon atoms from which the halogen and hydrogen atoms, respec- 
tively, are lost in the formation of the double bond. 


TABLE I. 


Itemised Second-order Rate-constants of Elimination, arranged to show the Manner in 
which they determine Orientation, in the Bimoleculay Eliminations of Alkyl Halides. 


Reactions of alkyl bromides with ca. 1N-sodium ethoxide in dry ethyl alcohol at 25°. Second- 
order rate-constants, k(£2), in sec. g.-mol.-! 1. Notation for showing positions 
of substituents : 


a B a B 
= <—. ———— —> CH—C=C 
a a 








Substituents. 105(E2) . 10°k(E2) Substituents. 
No. “>_> | per branch. Alkyl halide. per branch. — 

1 -- Me 0-118 CH,°CHBr-CH, 0-118 Me — 

2 Me Me 0-282 CH,°CH,‘CHBr-CH, 0-065 Et — 

3 Et Me 0-196 CH,°CH,°CH,*CHBr-CH, 0-080 n-Pr os 
4 Me Et 0-200 CH,°CH,*CHBr:-CH,°CH, 0-200 Et Me 

; H 1-00 Me — 

5| — Me 1-00 CHyCBrCeyy = Me’ = 

: . CH 0-85 McEt —- 

6| Me Me, 4-20 CH, CHyCBr<cH! 0-85 MeEt on 




















Comparing entries 1 and 2, one sees (left-hand columns) that, in agreement with theory, the 
extra 6-Me in example 2 accelerates the formation of but-2-ene as compared with its lower 
homologue, whereas (right-hand columns) the replacement of a-Me by «-Et retards, as it should, 
the formation of but-l-ene. Both rate changes contribute to the production of a considerable 
orienting effect according to Saytzeff’s rule (Part X) : 


(81%) CH,CH:CH-CH, <—— CH,CH,-CHBrCH, —>> CH,CH,-CH:CH, (19%) 


Comparing entries 2 and 3, we find (left), again in agreement with theory, that the replace- 
ment of 8-Me by £-Et retards the formation of pent-2-ene in comparison with but-2-ene, whereas 
(right) the replacement of a-Et by a-Pr, which in theory should have but little effect, actually 
slightly accelerates the formation of pent-l-ene in comparison with but-l-ene. The result is 
still an orientation according to the Saytzeff rule; but it is a weaker orientation in the case of 
the pentenes than in that of the butenes, contrary to what might naively have been assumed in 
view of the greater dissymmetry of the 2-n-amy] than of the 2-n-butyl radical (Part XI) : 


(71%) CH,yCH,-CH:CH-CH, <—— CH,‘CH,-CH,CHBr-CH, ——> CH,°CH,‘CH,CH:CH, (29%) 


In such a manner does the theory accommodate a number of fine details, which are not expressed 
in any empirical rule. 

If we compare examples 4 and 3 in Table I, we see (left) that an interchange of the substituents 
Me and Et between the «- and @-positions has scarcely any effect on the rate of establishment 
of the double bond in the left-hand alkyl branch. This is in no way surprising. The whole of 
the orienting effect which is introduced on passing from symmetric 3-n-amyl bromide to 
asymmetric 2-n-amyl bromide is due to the decreased ease of establishment of the double bond 
in the right-hand alkyl branch. As to this, although two groups become changed (see Table I, 
right), most of the effect is doubtless due to the loss of the 8-Me substituent. 
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Examples 5 and 6 of Table I show (left) that the extra @-Me group in the left-hand branch of 
the tert.-amyl bromide molecule accelerates the formation of a double bond in that direction, 
as it should according to our theory. But it is also apparent (right) that the same structural 
change amounts to a replacement of a-Me by «-Et with respect to the establishment of the double 
bond in either of the right-hand branches of the molecule. Hence the alteration should have a 
retarding effect on those processes, asin fact ithas. The orientational proportions are a resultant 
of these two effects, together with that of the doubled statistical weight of the terminally 
unsaturated, with respect to the non-terminally saturated, olefin (Part XI) : 


(71%) CHyCH:C(CH,), <=— CHsCH,CBr(CH,), => CH,CH,C(CH,):CH, (29%) 


Reference may be made to the orientational result represented in the following scheme 
(Part XV) : 


(82%) (CH,),C:CH-CH, <—— (CH,),CH-CHI-CH, —>> (CH,),CH-CH:CH, (18%) 


No rates have been measured for this case, but we should expect the extra methyl substituent 
which is here present, over and above those which appear in example 2 of Table I, to increase 
the rate of formation of the non-terminally unsaturated olefin, and, essentially for this reason, 
to lead to the still more decided orientation of the observed Saytzeff type. 

This is a convenient place in which to refer to the differential influence of alkyl structure on 
elimination and substitution in the second-order reactions of alkyl halides, and to the con- 
sequential effect on the proportion of olefin formed. Considering first the successive introduc- 
tion of a-linked methyl substituents, we know that in the series ethyl, isopropyl, ¢ert.-butyl, 
the rate of bimolecular substitution decreases (Ref. 31 of Section 1.1; Dostrovsky, Hughes, and 
Ingold, J., 1946, 157); and we have seen above that the rate of bimolecular elimination increases ; 
therefore the proportion of olefin, E2/(Sy2 + E2), must increase strongly. The following 
rate-constants [k(S,2) and k(E2) in sec.-1 g.-mol. 1.], and olefin proportions, for the bimolecular 
reactions of the alkyl bromides with sodium ethoxide (1N or more) in ethyl alcohol at 55°, 
illustrate this : 


Ethyl. isoPropyl. tert.-Butyl. 
IPR(SB) ...ccccccccccccccccccccecccccceccoss 118 2-1 small 
BME) coscsecsccccncecccvesvecctssescescce 1-2 7-6 50 
Proportion of olefin, %........:eses+eee 1-0 79 ~100 


With regard to successively introduced @-linked methyl radicals, we know that in the series 
ethyl, -propyl, isobutyl, the rate of bimolecular substitution falls, though not so strongly as 
before; and we have noticed above that the rate of bimolecular elimination rises, but again less 
markedly than in the previous series; therefore the proportion of olefin will exhibit an increase, 
which, however, will be less pronounced than that produced by «-linked methyl radicals. In 
illustration, the following rate constants and olefin proportions may be quoted, which refer to 
the bimolecular reactions of the alkyl bromides with sodium ethoxide (about 0-1n) in ethyl 
alcohol at 55° : 


Ethyl. n-Propyl. isoButyl. 
ED sianksnvnaksxanensmbesinenseiamenens 172 55 5-8 
a , Ere rere eeee 1-6 5:3 8-5 
Proportion of olefin, %........sssseeseee 0-9 8-9 60 


Different relations will naturally obtain for the bimolecular reactions of ’onium salts, whose 
eliminations are controlled largely by the inductive, rather than by the electromeric, effect. 
However, we have insufficient data on bimolecular substitution rates in ’onium salts for the 
purposes of a general discussion, the difficulty being that the presence of several different groups 
in most of the ’onium salts whose decompositions have been kinetically studied usually makes 
the substitution process composite and tedious to analyse. 

Sectional Summary.—We now summarise the general results of our study of rate and orient- 
ation in the bimolecular eliminations of alkyl halides. In these reactions the general rule is 
that the formation of a double bond in any given position is accelerated by an alkyl radical at 
either end of it, the most effective alkyl radical being methyl, although pheny] is considerably 
more effective than any simple alkyl radical. On this basis, one can understand the variation 
with structure of the rates of bimolecular elimination in a large variety of primary, secondary, 
and tertiary alkyl halides; and also the orientational data for dissymmetrically branched 
secondary and tertiary alkyl halides. The orientational results all conform to the qualitative, 
empirical rule of Saytzeff; but they also disclose quantitative variations, which agree in detail 
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with the more general rule stated above. All these effects of structure on reaction rate and 
orientation are rendered intelligible by the proposed theory of the electromeric effect, which 
consists in the assumption of a hyperconjugation or conjugation operating between the develop- 
ing double bond and the radicals adjacent to it, in the transition state of reaction. This appears 
as the controlling influence; but certain detailed results, such as the dissimilar changes in the 
effectiveness of a methyl radical and of a pheny] radical when shifted from one end of the double 
bond to the other, point to the presence of a disturbance, which can plausibly be identified as 
the inductive effect. 

Not only do alkyl groups at either end of a developing double bond increase the rate of its 
formation in these bimolecular reactions of alkyl halides: they also decrease the rate of the 
concomitant bimolecular substitutions. Therefore they increase largely the proportion in 
which olefins are formed in the total bimolecular decomposition. 

(3.3) Unimolecular Elimination in Halides and Sulphonium Salts : The Electromeric Effect.— 
Unimolecular elimination has been observed with secondary and tertiary alkyl halides, and 
secondary and tertiary alkylsulphonium ions: it has not yet been realised (except in association 
with molecular rearrangement) for primary alkyl halides, or for ’onium ions containing only 
primary alkyl groups. 

All our evidence concerning the orientation of unimolecular elimination, whether of alkyl 
halides or of alkylsulphonium salts, points to the conclusion that the controlling influence is the 
electromeric effect. In particular, orientation follows the Saytzeff rule. It is, of course, not 
remarkable that the unimolecular eliminations of halides and of sulphonium salts should behave 
similarly in this respect, even though the bimolecular eliminations of halides and of sulphonium 
salts behave very differently ; for orientation in unimolecular elimination is a property of the 
carbonium ion, which is an intermediate of that mechanism, and the carbonium ion corre- 
sponding to a given alkyl group is the same, whether it comes from an alkyl halide or an alkyl- 
sulphonium ion. Qualitatively then, orientation in unimolecular elimination, either of halides 
or of sulphonium ions, resembles orientation in the bimolecular eliminations of alkyl halides. 
But we shall find that orientation in the unimolecular reactions is quantitatively more extreme 
than in the bimolecular reactions of halides. 

Because of the two-stage nature of the unimolecular mechanism, the rate constant of elimin- 
ation, k(£1), is composite, and this has to be borne in mind when using it for the purpose of 
assessing constitutional effects. It is the product of the rate of heterolysis, and the fraction of 
the formed carbonium ion which completes an elimination. From some points of view this 
fraction, that is, the percentage of olefin formed in the unimolecular reaction, is more simply 
related to structure than is the rate of the separate process of elimination. Some secondary 
alkyl bromides are compared below with respect to the percentage of olefin which they yield in 
“60% ” aqueous ethyl alcohol at 80° (Part X) : 


CH CH,’CH, CH,°CH,, - CH,.CH,°CH, 
LI, Re "cH cH “cH cH 
Proportion of olefin, %......... 46 8-5 15-1 6-8 
BPR) sescocccresscrisoccrscncese 0-32 0-63 0-90 0-38 


The rate constants for elimination [k(£1) in sec.-*] are seen to show much the same trend as 
the olefin proportion. Even though data are not available which would permit the figures for 
the two unsymmetrical compounds to be split up into parts corresponding to reaction in the 
alternative branches of the alkyl group, it is clear from the results that a 6-linked methyl sub- 
stituent facilitates the completion of an elimination, and that a 8-linked ethyl substituent does 
the same, but not so strongly. What we have not proved is that these effects are localised in the 
alkyl branch to which the substituent is attached; but it would be reasonable to assume that 
they are so localised : the whole picture then agrees perfectly with control by the electromeric 
effect. 

Orientational data, such as are lacking for the unimolecular eliminations of the asymmetric 
secondary alkyl halides, are available for one such secondary alkylsulphonium ion (Part XV) : 


(CH) CSc SMe, _— (CHa ScH (01%) + (Ha): SS cH (9%) 


These figures express strong orientation according to Saytzeff’s rule, stronger than for the already 
mentioned bimolecular reaction of the corresponding alkyl iodide. This again corresponds to 
control by the electromeric effect. The proportion of total olefin was 7%, a figure which is of 
the same order of magnitude as those obtained for the corresponding reactions of the secondary 
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alkyl bromides, though precise comparison is not possible, because the solvent and temperature 
were not the same as for the bromides. 

A comparison of the proportions in which olefins are formed in the first-order reactions of 
isopropyl and ¢ert.-butyl halides or sulphonium ions, or alternatively in the first-order decom- 
positions of sec.-butyl and ¢ert.-amyl halides or sulphonium ions, shows that an «-linked methyl 
substituent in the alkyl chain is even more effective than a f-linked methyl substituent in direct- 
ing the completion of the process towards elimination. Actually, the figures available to 
illustrate this do not apply to identical conditions of solvent and temperature; but, as the follow- 
ing list shows, the differences in olefin proportion are so large that there can be no doubt about 
the qualitative conclusion (Parts VI, VII, VIII, and X) : 


isoPropyl bromide in 60% aq. EtOH at 80° on 4- rg olefin 


se” -Butyl chloride in 80% i 65° 363% _ ,, 

ButSMe, in 80% - 65° ,, 357% ., 
sec.-Butyl bromide in 60% aq. EtOH at 80° yields 8-5% olefin 

tert. ~Amyl chloride in 80% ” 50° ,, 403% ,, 

Am‘SMe, in 60% “ 65° ~,, 308% ,, 

x in 80% ie 65° ,, 494% ,, 

‘i in 80% - oe . Bee « 


A detailed analysis of the manner in which the rates and proportions of unimolecular elimin- 
ation along the different branches of a dissymmetric alkyl group contribute to the effect of a 
structural change on the overall elimination rate, the overall olefin proportion, and the orient- 
ation of elimination can be offered in the form of a comparison either of the unimolecular 
reactions of ¢ert.-buty] and ¢ert.-amyl bromides, or of those of dimethyl-tert.-butyl- and -tert.-amyl- 
sulphonium ions. We here employ the former example (Part XI), partly because it permits an 
instructive comparison of bimolecular and unimolecular eliminations of the same substances, 
all fundamentally under the control of the electromeric effect, and partly because we shall be 
using the latter example in another connexion presently. 

The analysis is given in the upper part of Table II. These figures may be compared with 
those of the similar analysis which is given for the bimolecular reactions in entries 5 and 6 of 
Table I. The corresponding data on the left of either table show a qualitatively similar 
structural influence : the extra -Me substituent in the amyl compound facilitates the establish- 
ment of the double bond in the alkyl branch to which it belongs. But the effect is larger for the 
unimolecular than for the bimolecular mechanism. All this is true, whether we think of the 
tate at which, or the proportion in which, the double bond is established in the appropriate 
part of the molecule. However, the figures on the right of the two tables reveal a certain 
difference : the replacement of «a-Me, by «-MeEt, which in the bimolecular reaction, consistently 
with the theory of control by the electromeric effect, reduced the rate of introduction of the 
double bond into those alkyl branches with respect to which the indicated radicals are «-sub- 
stituents, is now found to accelerate the same process in the unimolecular reaction. This, 
however, is not an anomaly: it is immediately explained by the mechanistic difference. The 
rate-constant k(E1) contains, as a factor, the rate of ionisation of the alkyl halide, and this is 
greater for ¢ert.-amyl than for fert.-butyl bromide. We avoid this irrelevant consideration if 
we pay attention to olefin proportions rather than to rates; and then we find that, in the com- 
pletion of unimolecular elimination, the replacement of a-Me, by a-MeEt reduces, as it should 
if the control is by the electromeric effect, the extent to which the double bond is established in 
those alkyl branches with respect to which these radicals are a-substituents. The way in which 
these itemised rates and proportions combine to produce overall results is indicated in the lower 
part of Table II. The orientations is again of the Saytzeff type; and it is more extreme than 
that of the corresponding bimolecular reaction (Section 3.2). 

A closely similar discussion could be given of the reaction rates, olefin proportions, and 
orientation of unimolecular elimination in dimethy]-tert.-butyl- and -tert.-amyl-sulphonium salts, 
the data for which are summarised in Table III (p. 2112). 

Up to this point the discussion of the present Section has been concerned with the pro- 
portions in which a total unimolecular reaction, having passed through the preliminary, slow 
heterolysis, will pursue the various final, rapid stages open to it, thus producing a substitution 
product as well as one or more olefins. We have still to deal with the effect of structure on the 
common preliminary heterolysis, and particularly with the question of whether the inductive or 
the electromeric effect principally controls the rate of this process in simple alkyl compounds. 
We can assume that sufficiently polar substituents will give control to the inductive, and 
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TaBLE II. 
Itemised First-order Rates of Elimination and Proportions of Olefin, arranged to show the Manner 
in which they determine Overall Results, in Unimolecular Eliminations of Alkyl Halides. 


Reactions of alkyl bromides in ethyl alcohol at 25°. First-order rate-constants, #, and 
k(£1), in sec.t. Notation for showing the positions of substituents : 


’ a B a Bg 
Si <— CH—CBr—CH —> CH—C=C 
a 
































Substituents. Per branch. : Per branch. Substituents. 
pS sie A a, Alkyl halide. a A “il ¢ A “ 
B. a. % Olefin. 105(E1). 105R(E1). % Olefin. a B. 
~ fir 6-3 0-029 CHy CBCP a . Me’ - 
Me Me, | 29-6 0-323 | CHyCHyCBr<cis | 038 a. i 

3 
Overall Rates and Olefin Proportions : 
105R,. 105R(E1). % Olefin. 
NEN: dcncennrinaxdivexstdredassinane 0-45 0-086 19-0 
PR his cscnsrciuniseccstaciiatacons 1-09 0-395 36-3 


Overall Orientation : 
CH,°CH:C(CHs).. CH,°CH,°C(CH,):CH,. 
BORA, Fi ciascesincscccnssccrerssece 82 18 


sufficiently unsaturated substituents to the electromeric effect ; but alkyl groups present a special 
problem since they are neither strongly polar nor strongly unsaturated. We shall neglect the 
steric effect, since, as has been pointed out before, it is seldom important in unimolecular 
reactions (Hughes, Trans. Faraday Soc., 1941, 37, 620; Day and Ingold, ibid., p. 699; 
Dostrovsky, Hughes, and Ingold, J., 1946, 190). 

It is useful to refer to examples which show the effect of structure on rates of heterolysis in 
the aralphyl series; for the present a contrast with the corresponding reactions of simple 
alkyl compounds. The following relative unimolecular rates have been recorded for the 
heterolysis of -methyl- and p-ethyl-benzhydryl chloride in ‘“‘ 80% ”’ aqueous acetone at 0° 
(Hughes, Ingold, and Taher, J., 1940, 949) : 


H—CH,-C,H,-CHPhCl (rate= 1) _CH,—CH,°C,H,-CHPhCl (rate = 0-75) 


The ethyl compound thus exhibits the lower rate (and the larger Arrhenius activation energy— 
loc. cit.), and this at once shows that the differential electromeric effect outweighs the differ- 
ential inductive effect in these cases. We can conclude that the electromeric effect is important 
here, having, no doubt, been enhanced by the unsaturation of the ~-C,H, system. In the 
purely aliphatic series the situation is different. For the heterolysis rates of ¢ert.-butyl and 
tert.-amyl bromides in ethyl alcohol at 25°, we find (Table II) the following relationship : 


H—CH,CHMe,Br (rate=1) | CH,—CH,-CMe,Br (rate = 2-42) 


Obviously the differential inductive effect now predominates: we can certainly conclude that 
the inductive effect is important, more so, relatively to the electromeric effect, than in the 
aralphyl series. On the other hand, when we replace the bromine atom in these examples by 
the more strongly electron-attracting sulphonium pole, then the increase of rate arising from 
the replacement of methyl by ethyl becomes more marked, as is shown by the following data 
(Table III) for the relative rates of heterolysis of dimethy]-tert.-butyl- and -tert.-amyl-sulphonium 
ions in ethyl alcohol at 50° : 


H—CH,-CMe,-SMe,(rate = 1) | CH,—CH,"CMe,"SMe, (rate = 8-40) 


In these cases it seems a safe conclusion that the inductive effect is the dominating polar factor. 

Sectional Summary.—We here summarise the results of our study of unimolecular elimination. 
.For both alkyl halides and alkylsulphonium ions, the general rule has been established that the 
proportion in which the total unimolecular reaction is completed by a route which involves the 
introduction of a double bond between a given pair of carbon atoms is increased by the attach- 
ment of a methyl or ethyl substituent to either of those carbon atoms; and the increase produced 
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by a methyl radical is greater than that produced by an ethyl radical. A considerable variety 
of experimental results can be referred to this rule, which includes the Saytzeff rule but is much 
more general: they relate to the proportions in which olefins are formed in the unimolecular 
reactions of secondary alkyl] halides, the orientation ratio for unimolecular olefin formation from 
a secondary alkylsulphonium ion, and the greater proportions of olefin obtained in unimolecular 
reactions from tertiary than from secondary alkyl halides, and from tertiary than from secondary 
alkylsulphonium ions; and they include also the detailed analyses which have been made of 
the unimolecular rate, olefin proportions, and orientation ratios, for a pair of tertiary alkyl 
bromides, and again, for a pair of tertiary alkylsulphonium ions. Orientation is according 
to the Saytzeff rule, but is more extreme than that found for the bimolecular reactions of alkyl 
halides. The theoretical significance of all this is recognised to be dominating control of the 
final, rapid stage of unimolecular elimination by the electromeric effect. 

In general, the heterolysis, which constitutes the initial slow stage of unimolecular reactions, 
is controlled jointly by the inductive and electromeric effects; but for simple alkyl compounds 
the inductive effect has a special importance, which is greater for sulphonium ions than for halides. 
(We may expect it to be greater still for ammonium ions, but this has not yet been verified.) 

(3.4) Co-existence of the Inductive and Tautomeric Effects.—Originally, the Hofmann rule was 
applied to elimination from primary alkyl groups in ammonium ions, and the Saytzeff rule to 
elimination from secondary and tertiary alkyl groups in alkyl halides; and both rules were 
applied without reference to the kinetics of the elimination process. We have been concerned 
to discover what exactly bounds the separate fields of application of the two rules—whether it 
be the chemical nature of the original molecule (’onium salt or halide), or the type of the alkyl 
group (primary, secondary, or tertiary), or the mechanism of elimination (bimolecular or 
unimolecular). We now know that for alkyl compounds the determining circumstances are a 
combination of the first and third of these factors, the separate ranges being as follows: (i) 
bimolecular eliminations from alkyl groups in ammonium and sulphonium salts and in sulphones 
follow the Hofmann rule; (ii) bimolecular eliminations from alkyl halides follow the Saytzeff 
rule; and (iii) all unimolecular eliminations, whether of alkyl-’onium ions or alkyl halides, 
follow the Saytzeff rule. As we have seen, the Hofmann rule signalises control by the inductive 
effect, and the Saytzeff rule control by the electromeric effect. 

The remarkable change which takes place in the influence of structure on the reaction rates 
which collectively determine orientation, when we cross the boundary between the regions of 
control by the two rules may be illustrated by reference to Tables III and IV. We are dealing 
here with identically the same structures, the dimethyl-tert.-butyl- and -tert.-amyl-sulphonium 
ions. From Table III to Table IV we cross the boundary between the domains of the two rules 
merely by changing from one kinetic form of elimination to the other. 

In Table III we give both the rates and olefin proportions for elimination in the various 
alternative directions, in order to allow comparison with Table IV. But since Table III refers 
to the bimolecular mechanism, it is here the rates, rather than the olefin proportions, which have 
the simpler relation to structure. The extra B-linked methyl substituent decreases the rate of 
elimination in the long branch of the ¢ert.-amyl group, in accordance with the conclusion that 
the inductive effect is dominant. The rate of elimination in the shorter branches, which should 
have been substantially reduced, owing to the replacement of a methyl] substituent by ethyl, if 
the electromeric effect had been in control, is only slightly altered ; and it should be altered hardly 
at all by the inductive effect, because the structural change is too remote from the $-hydrogen 
atom to affect it appreciably by the electrostatic mechanism. The small observed rate difference 
could, of course, be due to a weak underlying electromeric effect : if it were present, that certainly 
is how it would show itself. The resultant effect of all these individual rate changes on overall 
rate and orientation is shown in the lower part of Table III. 

In Table IV both rates and olefin proportions are again given, but since the data refer to the 
unimolecular mechanism, it is now the olefin proportions, rather than the rates, which are the 
more simply related to structure (cf. Section 3.3). We find that the extra B-methy] substituent 
increases the proportion of elimination in the long branch of the ¢ert.-amyl group, and reduces 
the proportion in the shorter branches, both in accordance with a controlling electromeric 
effect. In the overall results of these changes (Table IV, bottom), we find a reversal in the 
direction of every one of the structural effects which were found to arise in bimolecular 
elimination (Table III, bottom). 

Another crossing of the boundary between the domains of the Hofmann and Saytzeff rules 
is made if we pass from the data of Table III to those in Table I, entries 5 and 6. In this case 
we do not change the mechanism, which is bimolecular (E2), but we do change the electron- 
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TABLE III. 


Itemised Second-order Rate-constants of Elimination, arranged to show how they determine 


Orientation in Bimolecular Eliminations of Alkylsulphonium Salts. 


Reactions of sulphonium ethoxides in “‘ 97% ”’ ethyl alcohol at 24°. Second-order 
constants k, and k(£2) in sec. g.-mol.-11. Notation for positions of substituents : 


8 8 
C=C—CH <— cH—CSMe,)—CH —»> CH-C=C 
a a 





Substituents. Per branch. 


Sulphonium ion. 





¢ 


B. 


Per branch. Substituents. 





a. | % Olefin. 10°4(E2). ‘105&(E2). % Olefin. | a. 


‘ 





Me 

















H 27 33 Me 
Me, 33 27 CH, CMe) <CH MH ssC«| Me 
CH 24 41 MeEt 
Me, 14 8 CHyCH,C(SMe)< CH = [ a 
Overall Rates and Olefin Proportions : 
105k,. 105%(E2). % Olefin. 
EE snttctcvensccecacescsssnsesees 80 80 100 
in ciscunssecsecssessesctescseeivas 58 56 96 


Overall Orientation : 
CH,°CH:C(CHsj).. CH,°CH,°C(CH;,):CH,. 
PE Is Us dkeinvaceserevenceswsiasens 14 86 


TABLE IV. 


Itemised First-order Rates and Proportions of Elimination, arranged to show how they determine 


Reactions of sulphonium iodides in “‘ 97% ” ethyl alcohol at 50°. 


Overall Results in Unimolecular Eliminations of Alkylsulphonium Salts. 


k, and A(£1), in sec.-1. Notation for positions of substituents : 


B 8 
C=C—CH <— cH—C(SMe,)—CH —> CH—C=C 
a a 


First-order constants, 





























Substituents. Per branch. Sulphoni ‘ Per branch. Substituents. 
e Priam, |g A ny ulphonium ion. ‘ A ey | mem, 
B. a. % Olefin. 105k(£1). 105R(E1). % Olefin. a. B. 

; CH 0-30 17 Me -— 
— Me, 17 0-30 CHyC(SMe.)< yy" 0-30 17 Me, PR. 
r H 0-63 + MeEt — 
Me Me, 56 8-41 CHyCHyC(SMe.)<CH 0-63 1 —— 
Overall Rates and Olefin Proportions : 
105R,. 105R(E1). % Olefin. 
SE AIIONGE  acciccsvscesssasccrcrcccessses 1-8 0-9 51 
I a vncensavisavedsvevesatinnesions 15-0 9-7 64 


Overall Orientation : 


CH,CH:C(CH,),.  CH,-CH,-C(CH,):CH,. 
PD <r “eo 


attracting group from a sulphonium pole (control by the Hofmann rule) to a halogen atom 


(control by the Saytzeff rule). 


The strong contrast of constitutional influences, which here 


again arises, becomes smoothed away, if we make the same change in the electron-attracting 
group, but now consider the unimolecular mechanism (£1) (control by the Saytzeff rule in both 
types of compound), as we may do by passing from the data of Table IV to those of Table II. 
The structural effects on the olefin rates shown in Table I are qualitatively similar to the effects 
on the olefin proportions given in Tables II and IV, as is consistent with the theory that the 
same type of orientational control, viz., the electromeric effect, is operating on different 
mechanisms. 

There are a number of elimination reactions which have not yet been investigated kinetically 
with respect to mechanism, but which have been studied in a preparative way sufficiently to 
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disclose the predominating form of orientation. Guided by our more detailed knowledge of 
the reactions of ammonium and sulphonium ions, sulphones, and halides, we can use such 
orientational observations in order to make plausible suggestions concerning mechanism. As 
examples, we may consider the homogeneous dehydration of alcohols (a) in the presence of 
acids, (b) by the action of iodine (Hibbert’s reaction). Both these reactions are known to obey 
Saytzeff’s rule (Whitmore and Evers, J. Amer. Chem. Soc., 1933, 55, 812; Whitmore and 
Rothrock, ibid., p. 1106; Church, Whitmore, and McGrew, ibid., p. 1528; Thompson and 
Sherrill, ibid., 1936, 58, 745). For reaction (b), the further point has been established that 
tendency to elimination along an alkyl branch R°CH,°C, varies with R according to the order 
H<{Me>Et, Pr®, etc.}. Also for reaction (b), it has been found that the composition of the 
amylenes which are produced from #ert.-amyl alcohol is similar to that of the amylenes formed 
from fert.-amyl bromide, or from a dimethyl-tervt.-amylsulphonium salt, when, in these cases, 
decomposition proceeds by the unimolecular mechanism. For both reactions (a) and (bd), it 
has been established that tertiary alcohols can be dehydrated with ease, secondary alcohols 
with considerably greater difficulty, and primary alcohols scarcely at all. The catalysts suggest 
oxonium ion intermediates, and a comparison of all the above results with our data for sulphonium 
ions points decidedly to the conclusion that these intermediates are undergoing elimination by 
the unimolecular mechanism (£1). Thus we suggest the following detailed mechanisms : 





ROH + OH, => R-OH, + OH, 


fast 
(a) } ROH, —>R+0H, 
slow 
ie ig: se 





Rk —> Olefin + H } 
fast 


[Ron 421, => ROHI +I, 


fast 
@) R-OHI —>kR + HOI 
slow 


+ . . . . - - . El 
R — 5Olein+H | _ 


fast 


Reactions (a) should be paralleled, with all the consequences we have already illustrated, by 
the acid-catalysed formation of olefins from ethers, as we have, indeed, partly confirmed by 
experiments which are not yet complete enough to publish. The postulated pre-equilibrium of 
reactions (b) seems consistent with Fairbrother’s ideas (Nature, 1947, 160, 87), and can be sup- 
ported by the special observation, details of which are reserved for inclusion in a later paper, 
that iodine is a moderately good electrolyte in ¢ert.-butyl alcohol as solvent. We may note the 
implicit assumption in these explanations that bimolecular elimination (E2) from alkyloxonium 
ions would be controlled essentially by the inductive effect, with the result that orientation 
would follow Hofmann’s rule and its various generalisations. ’ 

One further example may be given, viz., the formation of olefins from sulphonic esters, either 
by the action of an alkali, such as sodium ethoxide, or in the course of solvolysis in a neutral or 
acid alcoholic solution. The conditions in which sulphonic esters enter into bi- and uni-molecular 
reactions have been made the subject of an investigation by Dr. C. A. Bunton, which will be 
published later. He has shown that the total reaction, substitution plus elimination, of isopropyl 
toluene-p-sulphonate with 0°3n-sodium methoxide in methyl] alcohol is kinetically of the second 
order, and is, accordingly, bimolecular in mechanism. He has also shown that the total 
solvolysis of the same ester in 50% aqueous methyl alcohol is a reaction of the first order; and 
that since it is not detectably accelerated by added sodium hydroxide and methoxide up to an 
alkali concentration of 0°05n, it is certainly unimolecular in mechanism. We may conclude 
that the toluene-p-sulphonate of most secondary alcohols will readily enter into bimolecular 
reactions with alkoxide ions in alcohols, but will tend to undergo unimolecular decompositions 
on alcoholysis or hydrolysis in the absence of alkali. Now W. Hiickel, Tappe, and Legutke 
(Refs. 35 and 48 of Sections 1.1 and 1.2), without actually applying any form of kinetic control 
to their reactions, analysed the mixtures of isomeric olefins which were formed from the toluene- 
p-sulphonates of a number of secondary alcohols, not only by the action of ethoxide ions, but 
also under conditions of solvolysis in the absence of alkali. The alcohols they employed were 
cyclic, and, for such compounds, a stereochemical condition requires to be fulfilled, as we shall 
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discuss in the next Section; but for the present we shall avoid going into this matter by restrict- 
ing illustration to cases in which the condition is satisfied. Hiickel, Tappe, and Legutke found 
that, in neutral solvolysis by ethyl alcohol, cis-1-decalyl I-toluene-p-sulphonate gave mainly 
1 : 9-octalene, whilst tvans-2-decalyl I- or II-toluene-p-sulphonate yielded chiefly 2 : 3-octalene ; 
1.e., the double bonds entered principally into the positions marked by asterisks in the following 
formule : 


0-SO,Tol _ 
(V.) ~cr,—cH, tc SET —CH,—CH,;CH—CH,—CH< (VI) 


Formula (V) corresponds to Saytzeff’s rule, and formula (VI) to a theoretically deduced exten- 
sion of Saytzeff’s rule given in the preceding Section (p. 2104). Thus, the general picture is one 
of control by the electromeric effect, as we should expect from our assumption that elimination 
in solvolysis follows the unimolecular mechanism (E1). What is more interesting, however, is 
that Hiickel, Tappe, and Legutke found these esters to display qualitatively the same orient- 
ations in the eliminations which they undergo in the presence of considerable concentrations of 
alcoholic sodium ethoxide. From this we must conclude that the bimolecular eliminations 
(£2) of alkyl toluene-p-sulphonates, like those of alkyl halides, are controlled by the electromeric 
effect. 

From a consideration of all the eliminations thus far discussed, it would appear that the 
circumstances in which either the inductive effect or the electromeric effect may exert a dominat- 
ing influence over the velocity and orientation of elimination by different mechanisms from 
different kinds of alkyl compound may be defined as follows: (i) When the electron-attracting 
atom attached to the alkyl group carries a positive ionic charge, bimolecular elimination will be 
controlled by the inductive effect. (ii) When this atom does not carry a positive charge, 
bimolecular elimination will be controlled by the electromeric effect. (iii) Independently of 
the nature of the electron-attracting atom, unimolecular elimination will be governed by the 
electromeric effect. The discussed examples may be classified as indicated in the following 
scheme : 


~ - + + 
(i) Inductive control of E2 . . . Y = NR;, PR;, SR,, SO.R 
(ii) Electromeric control of E2 . . Y = Cl, Br, I, O°SO,R 
+ oa 
(iii) Electromeric control of El . . Y = SR,, OR,, Cl, Br, I, O*SSO,R 


The type of alkyl group, whether primary, secondary, or tertiary, has no concern with the 
matter. It should be emphasized that the above statements apply to heterolytic 1 : 2-elimin- 
ations in solution : we do not consider elimination by reactions, such as the oxidation of hydr- 
azones and the pyrolysis of xanthates, which are probably homolytic; and, of course, we are 
excluding gas and surface reactions from our discussion. 

The type of alkyl group has, of course, a vital concern with the replacement of bimolecular 
mechanisms by unimolecular mechanisms of substitution and elimination. Under given 
conditions as to reagent and solvent, and for a given electron-attracting group Y, the tendency 
to such replacement follows the order primary-to-tertiary of alkyl groups, as one may under- 
stand on the grounds that increasingly powerful polar effects of alkyl will favour the separate 
heterolysis of the bond C,Y. For given conditions as to reagent and solvent, and for a given 
alkyl group, the tendency to replacement of bimolecular elimination by unimolecular substitu- 
tion and elimination varies with the electron-attracting group Y. Apparently the variation 
here follows the inverse order of the inductive effect, as one may partly rationalise on the basis 
that an increasing inductive effect must increase the vulnerability of the 8-hydrogen atom towards 
basic reagents. Schematically, we have the following general relations : 


¥ .... Primary <Secondary < Tertiary 
Y.....NR,<$R,<Hal<0-SO,R 


Constitutional promotion 
of change E2->E1 


The environmental factors which favour the change E2--E1 have already been considered in 
Part V (J., 1940, 899) : the most important are the basicity and concentration of the reagent, 
and the ionising power of the solvent. ' 

It can scarcely be doubted that the existence of separate fields of control by the inductive 
and electromeric effects on the velocity and orientation of the elimination reactions of alkyl 
derivatives is to be taken to mean that, in principle, both effects are always present, but that, 
owing to circumstances still to be considered, either one or the other dominates. Several 








QQ &f& @& |2 ® @ weet OH RS 


nA fF 4 & © 


ae ee ee ee ee 














[1948] Mechanism of Elimination Reactions. Part XVI. 2115 


apparent indications of a modifying influence of a minor effect on a broad result determined by 
a major one have been already noticed in this discussion. We may instance the accelerating 
effect of «-alkyl substituents in bimolecular elimination from sulphonium ions (pp. 2100 and 
2101), and the considerably greater accelerations produced by a $-phenyl than by an a-phenyl 
substituent in bimolecular eliminations from alkyl halides (p. 2105). However, in order to 
obtain decisive effects, let us go outside the field of alkyl groups, and examine, on the one hand, 
more polar groups, and, on the other, more unsaturated groups; for then we shall find that 
inductive or electromeric effects, as the case may be, which would have been masked in the 
corresponding alkyl compounds, can be made quite clearly to dominate. 

Consider, for example, the second-order eliminations of alkyl halides : they obey the Saytzeff 
rule, and are controlled essentially by the electromeric effect : the influence of the inductive 
effect is only of minor importance. However, if we introduce into the alkyl group a strongly 
electron-attracting B-halogen substituent, then the inductive effect of this polar substituent so 
loosens the 8-proton that the elimination reaction is very greatly accelerated. We can show 
that this is not essentially an electromeric effect, due to a conjugation of the unshared electrons 
of the 6-halogen atom with the developing double bond, though such an effect also would produce 
an acceleration. For the electromeric effect should work just as well from the «-position, and 
therefore, if we take the corresponding «-halogenoalkyl halide, instead of the unsubstituted 
alkyl halide, as the standard of comparison, we shall isolate the inductive effect, which is 
primarily a property of $-linked substituents. Such a comparison was made by Olivier and 
Weber (Ref. 25 of Section 1.1), when they measured the second-order rate-constants for the 
conversion of ethylene bromide, and of ethylidene bromide, into vinyl bromide by means of 
hydroxide ions in ‘“‘ 33% ”’ aqueous acetone at 30°. The relative bimolecular rates were as 
follows : 

(Br)CH,*CH,Br (rate = 205) CH,°CH(Br)-Br (rate = 1) 


The much larger rate associated with the presence of the 6-bromo-substituent shows that, owing 
essentially to the polarity of the substituent, the inductive effect is in control—as it would not 
have been if the 6-substituent had been an alkyl radical. Olivier himself assumed a controlling 
electrostatic effect, pointing out that it correctly interpreted numerous orientational results 
relating to the elimination reactions which polyhalogeno-paraffins undergo in the presence of 
alkalis. The following examples are instructive : 


CHClyCH,Cl —>> CCl,:CH, 
CH,CBr,-CHBr-CH, —>> CH,‘CBr:CBr-CH, 


In the first case the lost halogen atom is the single one, whilst in the second case it is one of the 
pair. This shows that the attachment of a second halogen atom to the carbon atom from which 
a halogen atom is lost (the carbon atom we label «) is not a governing orientational factor. 
It is the attachment of halogen to the carbon atom from which hydrogen is lost (the carbon 
atom we label 8) which is the governing circumstance—as we should expect, if it is the inductive 
effect, rather than the electromeric effect, which is in control. The rule is always that, of the 
various hydrogen atoms which could be eliminated in association with any of the halogen atoms, 
the one actually eliminated, along with an appropriate halogen atom, is that which is attached 
to the most halogenated, and therefore most positive, carbon atom. This points decidedly toa 
controlling inductive effect. 

Similar evidence convinced Olivier that the carboxyl substituent directs the course of elimin- 
ations by means of its inductive effect. This substituent also has the property of unsaturation, 
as well as a strong polarity; and thus, in principle, it is capable of exerting an electromeric, as 
well as an inductive, effect. However, it actually operates mainly by virtue of its inductive 
effect, as we could show, for example, by reference to the much greater rates of formation of 
olefinic acids from §-halogeno- than from a-halogeno-acids or their derivatives. 

We obtain evidence of a complementary kind when we turn to the bimolecular eliminations 
of ’onium salts (where, for ordinary alkyl groups, the inductive effect controls orientation), and 
for this series of reactions consider the behaviour of substituents of low polarity and high 
unsaturation. Phenyl and vinyl are amongst the chief examples, and it was with the aid of the 
former that the first case of breakdown of the Hofmann rule was realised (Ref. 1 of Section 1.1). 
Notwithstanding, the distinct polarity of phenyl in attachment to a saturated side-chain, the 
pheny] substituent in 2-phenylethyl-ammonium, -phosphonium, and -sulphonium ions, and in 
2-phenylethyl sulphones, accelerates elimination to so great an extent that we must ascribe a 
considerable part of the effect to the capacity of the substituent for conjugation. The total 
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effect may be illustrated, in its application to sulphonium ethoxides, by reference to the following 
relative rates of bimolecular eliminations from ethyl- and 2-phenylethyl-sulphonium ions in 
ethyl alcohol at 64° (Part XII) : 


CH,-CH,*SMe, (rate = 1) Ph-CH,-CH,SMe, (rate = 430) CH,-CHPh-SMe, (rate = 96) 


The relative rate for the corresponding 1-phenylethylsulphonium ion under the same conditions 
(Part XIII) is noted for comparison. For the acceleration produced by the a-pheny] substituent 
must represent an essentially pure electromeric effect, and its considerable magnitude confirms 
our assignment of a large part of the acceleration produced by the $-pheny] substituent to the 
unsaturation, rather than to the polarity, of this radical. 

The above facts show that the inductive and electromeric effects jointly influence elimination, 
their relative importance depending on the polarity and unsaturation of the influencing group. 
But, when both the polarity and the unsaturation are small, as with alkyl groups, the relative 
importance of the two effects can be seen to depend also, indeed primarly now, on the system 
which is being influenced. Let us consider this factor. 

We know that when, in the bimolecular mechanism (£2), the influenced system is of the form 


> aa + + + 
HCg’C,*Y (where Y = N, P, or S), the inductive effect dominates; that when it is of the type 
HCg’C,°Y (where Y = Cl, Br, I, or OAc), the electromeric effect takes charge; and that when, 


° + 
in the unimolecular mechanism (£1), it is HCg°C,(sextet), once more the electromeric effect is 
in control. We know also from the quantitative results that the predominance of the electro- 
meric effect is greater in this last case : we find larger effects on reaction rate, and more extreme 
orientation of the Saytzeff type, in unimolecular elimination with either ’onium salts or halides, 
than in bimolecular elimination with halides. Empirically then, the electromeric effect increases 
in relative importance as the influenced system takes the successive forms 


(i) HCgCe¥, (ii) HCgCerY, (iii) HCg-Cq (sextet) ; 


and there is a large, qualitatively important, difference of behaviour between systems (i) and (ii), 
and a relatively much smaller, but quantitatively appreciable, difference between systems (ii) 
and (iii). 

From a theoretical point of view, one may say that the differences must arise from different 
states of balance between the magnitude of the positive charge induced on Cg (which controls 
the intensity of the inductive effect of attached alkyl substitutents, Alk - Cg), and the degree 
of unsaturation developed in the transition state (which governs the strength of the electromeric 


‘x  ( 
effect due to hyperconjugation, e.g., H—C—Cg—C,). Wecan immediately see that the inductive 
effect will be greater in system (i) than in system (ii), because of the stronger electrostatic effect 
of a positive pole than of any electrically uncharged atom. Further, we may expect the electro- 
meric effect to be greater in system (ii) than in system (i), because solvation assists the heterolysis 


+ 

of the C—Y bond, but not of the C—Y bond; wherefore the transition state of system (ii) tends 
to involve a relatively large electron-transfer (and hence a large development of unsaturation) 
in order to form the charges needed to produce the solvation energy. As to system (iii), it is 
clear that the electromeric effect will be much greater in this than in either of systems (i) or (ii), 
because of the intense unsaturation created by the pre-formed sextet; however, it is also clear 
that ti. inductive effect will be much greater in system (iii) than in the other systems, because 
of the proximity of the carbonium ionic centre to Cg. Collecting these points together, we see 
that theory can unequivocally account for the large difference of behaviour, to which co-operating 
factors contribute, between the'systems (i) and (ii), but is ambiguous, because of the co-existence 
of counteracting factors, with respect to the much smaller difference between systems (ii) and (iii). 

Sectional Summary.—In this Section we define the limits of structure and mechanism within 
which different kinds of constitutional factors exert a governing influence on the elimination 
reactions of alkyl compounds. Over the range cases studied, control by the inductive effect, 
leading to orientation according to Hofmann’s rule and its generalisations, arises in bimolecular 
eliminations when the electron-attracting group carries a positive charge; and control by the 
electromeric effect, leading to orientation as given by Saytzeff’s rule and its generalisations, 
occurs in bimolecular eliminations when the electron-attracting group is uncharged, and in all 
unimolecular eliminations. We have illustrated the effects on rate and orientation of crossing 
the boundary between these separate domains of control; and we have shown that some less 
fully investigated eliminations can be fitted into the general scheme. 
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By extending our survey beyond the range of alkyl compounds, we perceive that a substituent 
of sufficient polarity will exert a dominating inductive effect on an elimination in any system; 
and that a sufficiently unsaturated substituent will exert a dominating electromeric effect in any 
system. Only when both the intrinsic polarity, and the intrinsic unsaturation, of the substituent 
are small, as with alkyl substituents, will the system itself play a controlling role. And this it 
will do by calling out the latent polarity or unsaturation in the substituent by means of its own 
polarity or unsaturation, either as these characters exist permanently, or as they are developed 
in the transition state of reaction. The inductive effect, which arises from the electrostatic 
polarity of substituents, is exerted from the commencement of reaction. The electromeric 
effect, which derives from a quantal resonance of electrons having properties of unsaturation, is 
developed only during reaction, and thus becomes of main importance in the transition state. 
On these lines we can form a consistent picture of general constitutional influences on elimin- 
ations, and of the special complications that apply to alkyl compounds. 

(3.5) Stereochemical Factors in Elimination.—As Hiickel, Tappe, and Legutke have already 
appreciated (Ref. 35, Section 1.1), the rules which govern the stereochemical course of substitu- 
tion at an aliphatic carbon atom (Cowdrey, Hughes, Ingold, Masterman, and Scott, J., 1937, 
1252) are likely to have a close parallel in relation to elimination. In collaboration with Dr. R. 
Pasternak and Dr. Dorothy Usher, the task of establishing this by kinetic methods has recently 
been undertaken; and, though the work is not yet complete enough for report, we shall here 
anticipate its record for the purpose of discussing the stereochemical aspects of the orientation 
of elimination. For many of the statements which we have made above concerning the orient- 
ation of elimination apply only to systems which either are already in, or are easily capable of 
assuming, appropriate configurations; and these statements, therefore, require some qualific- 
ation, especially in their application to certain olefinic and cyclic compounds, which it is necessary 
now to define. 

The principal stereochemical restriction is that, in bimolecular eliminations (E2) of the system 


(‘x  (™ 

H—Cg—C,——Y, where Y may be either neutral or charged, the 8-CH electrons must if possible 
enter the octet of C, on the side remote from Y; for this is the way in which the exchange 
integrals of electrons of different pairs, and therefore the total energy, of the transition state 
can be kept as small as is possible (cf. Cowdrey, Hughes, Ingold, Masterman, and Scott, loc. cit.) : 
the result is exclusive tvans-elimination (VII). Cristol has recently shown (J. Amer. Chem. Soc., 
1947, 69, 338) that, whilst ¢vans-elimination from hexachlorocyclohexanes, where permitted by 
the structure, takes place with ease in bimolecular reactions with alkali, cis-elimination can 
scarcely be realised under the same conditions when fvans-elimination is excluded by the structure. 
In unimolecular elimination (E1), on the other hand, the Cg-carbonium ion tends to the same 
planar form, from whichever side of the plane the electron-attracting group Y has separated. 
Therefore, both cis- and trans-elimination are normally possible (VIII) by the unimolecular 
mechanism, though if the carbonium ion is very short-lived, tvans-elimination may be favoured, 
and in the presence of special substituents cis-elimination may predominate (cf. Cowdrey e¢ al., 
loc. cit.). 


H H + 
; trans- 
(VII) we A —_—_ (£2) 
elimination 
Y T 
H Ht 
+ cis-or 


(VII) franc... —_——T (El) 
elimination 


Another steric effect, which would likewise apply to bimolecular eliminations only, might 
arise from screening of the B-hydrogen atoms from attack by the nucleophilic reagent. This 
ordinary sort of steric hindrance seems to be definitely less important for eliminations than for 
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bimolecular substitutions, probably because of the relatively more exposed situation of the 
hydrogen atoms than of the carbon atoms in all the simpler alkyl groups. This effect, moreover, 
though it is appreciable in special structures, is considerably less important than that of the 
stereochemical course of elimination, and therefore we shall not attempt to isolate the former 
in the approximation to which, at present, we are discussing steric effects. 

Even when the system >CH*CRY*CH,— forms part of a ring, an elimination of HY towards 
the methylene group is always stereochemically possible, because one or other of the methylene 
hydrogen atoms either is in, or can be brought into, an appropriate configuration, when the 
mechanism makes this necessary. But, in rings of seven atoms or less, an elimination towards 
the methine group may be precluded, however much polar factors might favour such a process ; 
and it will be so precluded if the mechanism is bimolecular (£2), and if, in addition, the methine 
hydrogen atom is firmly oriented in a cis-position with respect to the electron-attracting group Y. 
(We restrict this statement to rings of seven atoms or less, because, in rings of eight atoms or 
more, cis-related bonds of neighbouring carbon atoms can be brought into an approximately 
antiparallel orientation by strainless rotations about the ring bonds.) 

On account of polar factors, in particular the electromeric effect, alkyl halides, if free from 
stereochemical restrictions, undergo eliminations oriented according to Saytzeff’s rule, both 
when the mechanism is bimolecular and when it is unimolecular. Thus the unrestricted system 
>CH-CRHal-CH,— should eliminate HHal by either mechanism in predominating amount 
towards the methine group. The inclusion of the system in, say, a six-membered ring should 
offer no interference to the operation of this rule, unless the mechanism is bimolecular (E2), 
and unless, in addition, the atoms which chiefly should be eliminated according to the rule are 
in cis-relation to each other. But, where both these circumstances arise, the Saytzeff rule will 
become abrogated, as may be illustrated by the following examples, which are due to Hiickel, 
Tappe, and Legutke (loc. cit.) : 


CH,—CH,—CHMe CH,—CH,—CHMe den HMe 
> + 
hamsesitehen ser dovecne~—tun, CHPr'-CH=CH 
(+)-neoMenthyl chloride + OEt —>> 3-Menthene (~75%) + 2-Menthene (~25%) 


(—)-Menthyl chloride + OEt “= ~ (0%) + a (100%) 
(—)-Menthyl chloride (Solvolysis) “" ‘a (~70%) + is (~30%) 


In neomenthyl chloride the groups Pri and Cl are on the same side of the cyclohexane ring, 
whereas in menthyl chloride they are on opposite sides. Hence neomenthyl chloride is not 
sterically precluded from undergoing bimolecular elimination in that direction which should 
predominate according to the Saytzeff rule, and which does, in fact, predominate in this case. 
But, because of its configuration, menthyl chloride cannot undergo bimolecular elimination in 
that direction, not even in minor amount. No such restriction applied to unimolecular elimin- 
ation, and accordingly, menthyl] chloride can, and does in fact, undergo this form of elimination 
to a predominating extent in agreement with Saytzeff’s rule. 

be On account of polar factors, in particular the inductive effect, alkylammonium ions, if free 
from stereochemical restrictions, undergo eliminations which are oriented according to Hofmann’s 
rule and its generalisations, provided that the mechanism is bimolecular (E2). Thus the 


+ 
unrestricted system >CH*CR(NMe,)*CH,— should undergo bimolecular elimination oriented 
in predominating amount towards the methylene group. If the system is included in, say, a 
six-membered ring, one of the two methylene hydrogen atoms will invariably be situated in 
such a position as to allow elimination in this direction. Even so, one can recognise the modi- 
fying effect on orientation of a cis-relation between the methine hydrogen atom and the 
ammonium group; for such a relation converts what would have been merely a predominating 
orientation into an exclusive one, as may be seen by the following examples (idem, ibid.) : 


(-+)-neoMenthyl-NMe, + OH ~— 3-Menthene (~20%) + 2-Menthene (~80%) 


(—)-Menthyl-NMe, +O0H—> __,, (0%) + » (100%) 


This result shows that ¢vans-elimination in the bimolecular reactions of alkyl halides is not 
due to the direction of an anionic reagent by the electrostatic field of the C—Hal dipole, any 
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more than the Walden inversion in bimolecular substitution is due to this cause. For in the 


c-N link, the dipole and the related electrostatic field are reversed, and yet, in bimolecular 
reactions with anionic reagents, we still find ¢vans-elimination, just as in substitutions we still 
observe the Walden inversion (cf. Cowdrey, Hughes, Ingold, Masterman, and Scott, Joc. cit.). 
The cause in all cases is the same, viz., the need to economise energy in the transition state by 
the minimisation of bond-overlap : the quantal forces here involved are of much greater import- 
ance than dipole forces. 

Some of the above points could also have been illustrated by the production of isomeric 
octalenes from stereoisomeric 1-decalyl compounds (Hiickel, Tappe, and Legutke, Joc. cit.). 
Certain examples, likewise belonging to the cyclohexane series (but lacking evidence of 
mechanism), have been recorded, in which polar effects due to phenyl and carbethoxyl 
substituents on the direction of elimination have become inverted by stereochemical causes 
(Price and Karabinos, J. Amer. Chem. Soc., 1940, 62, 1159; Price and Schwarcz, ibid., p. 2891). 
As an illustration representing the ethylene series, reference may be made to work of Chevanne 
(Bull. Soc. chim. Belg., 1912, 26, 287), showing that cis-1 : 2-dichloroethylene is converted into 
chloroacetylene by treatment with ethyl-alcoholic potassium hydroxide (the probable mechanism 
therefore being E2) much more easily than is the tvans-isomeride. 

Sectional Summary.—The previously discussed polar effects on the velocity and orientation 
of eliminations apply without qualification only to systems which either are already in, or can 
easily be brought into, an appropriate stereochemical configuration. The chief stereochemical 
restriction is that the B-CH electrons of HCg°C,*Y must if possible enter the octet of C, on the 
side remote from Y : this applies only to bimolecular elimination; but it then applies no matter 
whether Y is a formally neutral group, or whether it carries a positive ionic charge. The 
requirement arises from the need to minimise bond-overlap in the transition state. Examples 
of cyclic systems are given in which the orientation of elimination is changed by this factor 
from what it would have been under control by the inductive and electromeric effects only. 


In Part V (J., 1940, 899) environmental influences on the bimolecular and unimolecular 
mechanisms of elimination were considered: certain sections of this subject have been more 
extensively treated in Parts VII and VIII (this vol., pp. 2043, 2049). These three papers, together 
with the present paper on constitutional influences, are intended collectively to constitute a 
balanced statement of the present position of the theory of heterolytic 1 : 2-eliminations. In- 
vestigations on other forms of elimination have been instituted, but have not yet reached a 
condition suitable for report. 
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427. The Kinetics of Photochemical Oxidation with Dichromate : 
The Oxidation of Glycerol.* 


By K. WesBeEr and S. ASPERGER. 


The kinetics of the photochemical oxidation of glycerol by dichromate under the influence 
of polychromatic light have been investigated. Particular stress has been laid upon the 
influence of temperature, addition of acid or of alkali, and also upon the réle of the simultaneous 
thermal reaction.’ Under certain conditions of experiment (high concentration of glycerol), 
the existence of a negative temperature coefficient was established. 

A reaction mechanism has been developed, by means of which, on the supposition of a 
preceding equilibrium, the negative temperature effect can be explained. The hydrolysed 
dichromate ion must be considered as the photochemically active component. Anewcalculation 
of the heat of hydrolysis gave the value —1186 cals./mol., in good agreement with the 
caloric effect of the temperature-function of the reaction velocity, viz. —1210 cals./mol. The 


reaction mechanism makes it possible to account also for the other results of the kinetic 
measurements. 


In spite of many investigations (Goldberg, Z. wiss. Phot., 1906, 4, 95; Luther and Forbes, J. 
Amer. Chem. Soc., 1909, 31, 770; Forbes e¢ al., ibid., 1923, 45, 1891; 1932, 54, 960; 1933, 55, 588, 


* A short preliminary communication on this subject appeared in Nature, 1946, 157, 373. 
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2407; Dhar, J., 1923, 128, 1856; Bowen et al., J., 1927, 2353; 1929, 1648; 1931, 1866; 1932, 
2081; Bhattacharya and Dhar, Z. anorg. Chem., 1928, 169, 381; Morton, J. Physical Chem., 
1929, 38, 1135; Riesenfeld and Hecht, Z. wiss. Phot., 1929, 26, 369; Winther, Z. physikal. 
Chem., 1935, A, 174, 41) the oxidations by means of chromates and dichromates have not yet 
been elucidated in detail. We have now investigated the kinetics of the photochemical oxidation 
of glycerol, laying particular stress on the influence of temperature on the reaction velocity, as 
it has been found that this reaction, if specific conditions are fulfilled, shows the rather rare 
phenomenon of a negative temperature coefficient. This has a particular bearing on the 
elucidation of the reaction mechanism. 


EXPERIMENTAL. 


The velocity of the photochemical reaction was determined by measuring photoelectrically the 
extinction of the oxidation product (i.e., the green colour of the tervalent chromium). By exposing 
the reactants to white light and using appropriate light filters, the measurements could be conducted 
during the course of the reaction. The light used for the photochemical reaction served also for the 


photoelectrical measurement of the extinction. 
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K,Cr,0O,: 5-77 x 10°* mols./l. Glycerol : 7-51 mols. /l. 


Dependence of reaction velocity on temperature : E = extinction, t = time of reaction in minutes. 
Curve 1 gives the values for 14°, 2 for 25°, 3 for 35°, and 4 for 45°. 











The reaction vessel, made of plane parallel glass plates (6 x 5 x 1 cm.), was placed in a thermostat 
(constant within +0-1°), and the contents stirred mechanically during exposure to a 500-watt incan- 
descent or to a mercury-vapour high-pressure lamp. Close behind the reaction vessel, screened by a 
yellow filter, there was a selenium photoelement whose current was measured with a reflection 
galvanometer. 

The numerical value of the coefficient of extinction, necessary for the calculation of the velocity of 
the photochemical reaction, was computed directly from kinetic measurements. As the experiments 
were conducted with polychromatic light, the actinometric determinations gave the “‘ mean ”’ coefficient 
for the spectral interval that was—in the given experimental arrangement—chemically active. It did 
not seem necessary to use monochromatic light, as it could be assumed that in the whole spectral interval 
used for the exposure, the absorption yields the same chemical result. This supposition was eventually 
confirmed by the results of the experiments. 

The reaction velocities were measured with different concentrations of the two components and at 
temperatures of 14—45°. The influence of the intensity of light on the reaction was also determined. 

Fig. 1 shows some of the curves obtained for the velocity. From them a negative temperature 
coefficient can be inferred. The values of the ordinates of the tangents for the time of 50 minutes have 
been used as relative values of the initial velocities (v,). 

The results of experiments with a constant concentration of glycerol (7-51 mols./l.) and four different 
concentrations of dichromate at various temperatures are shown graphically in Fig. 2. The inclination 
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of all straight lines towards the abscissa indicates a negative temperature coefficient (Forster and Blich, 
Z. angew. Chem., 1910, 28, 2017; Skrabal, Monatsh., 1912, 38, 118; Z. Elektrochem., 1915, 21, 461; 
Skrabal and Weberitsch, Ber., 1914, 47, 117; Trautz, Z. Elektrochem., 1915, 21, 329; Bodenstein, ibid., 
1918, 24, 183; Z. physikal. Chem., 1922, 100, 68; 1936, 175, 294; Helv. Chim. Acta, 1935, 18, 743; 
Padoa, Gazzetta, 1921, 51, I, 3; Schumacher, Z. physikal. Chem., 1927, 129, 241; Z. Elektrochem., 1929, 
$5, 715; Kassel, J. Physical Chem., 1930, 34, 1777). This coefficient (Q15 = Ar 49/kr) for the interval 
between 35° and 45° is 0-91—0-97. It increases as the dichromate concentration increases from 
5-77 x 10-* to 4-62 x 10 mols./1. With small concentrations of dichromate, the negative temperature 
coefficient disappears. For a concentration of glycerol of 1-11 mols./l. and a concentration of dichromate 
of 2-31 x 10 mols./l. we found a temperature quotient Q,, = 1-32. With an increase of temperature 
the negative temperature coefficient decreases and Q,) approaches unity. 
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Cr,0,” = (1) 4-62 x 10%, (2) 2-31 x 10°, (3) 8-09 x 10°, (4) 5-77 x 107%, mols. /l. 
Glycerol concentration = 7-51 mols./l. in all cases. 


From the measured initial velocities v), the relative velocity constants k that are independent of 
changes in concentration can be calculated from the equation 


SmM@GeaeeMH 2... 62.50 ens @ 


if the absorption constant i is known and if a linear relation between the velocity of reaction and the 
intensity of light can be supposed. The validity of Beer’s law for polychromatic light cannot be assumed 
without proof; in our case, however, it can be deduced from the experimental material by means of the 
equation 

vy, l—e% 


“tol 


where the initial velocities v, and v, correspond to the concentration of the dichromate c, and c,, while 
~ =1. With the help of this equation we have calculated i by two methods : first, by the development 
of the series of exponential expressions which give equations that can be solved for i (approximate 
method); secondly, by transforming equation (2) into 


Vg — Vy = v,(e~)* — v,(e~s)# Pee ee eee 


by means of a graphical method which, after numerical calculation of the expressions within the 
parentheses, gives i as a function of v, — v,. For a number of arbitrarily chosen values for i, curves 
were obtained that enabled us to read the values for i that correspond to the actual values of v, — 0. 

Although the values for the absorption coefficient for the different concentrations of potassium 
dichromate differ appreciably, their mean values are almost identical. This is easy to understand, for 
it was established by special approximate calculation that the discrepancies in the i values are due, not 
so much to experimental error, as to inaccuracy of the methods of calculation. The values for the 
absorption coefficient are almost independent of temperature. The following values were found : 
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at 25°, 4 = 99-2; at 45°, i = 97-2. The mean value, i.e., i = 98-2, was used for the calculation of the 
relative velocity constant according to equation (1). 

The linear dependence of the investigated velocity of reaction on the intensity of light is known from 
the literature, but it follows also from the results of our experiments, since equation (1) is established as 
valid. Itis confirmed also by experiments conducted with the high intensities of the light of the mercury 
high-pressure lamp. 

The velocity constants (k) calculated from the initial velocities by means of equation (1) are given 
in Table I (I, = 100). It is clear that the & values obtained for the same temperature agree well 
with each other independently of the concentration of potassium dichromate. 


TABLE I. 
Concentration of glycerol: 7°51 mols./I. 





k x 103. 
K,Cr,0,, , A ‘ 
mols. /l. x 108. 14°. 25°. 35°. 45°. 
5°77 5-09 4:74 4-23 3-84 
8-09 4:93 4:31 4:19 4-09 
23-1 4-29 3-90 3-79 3-48 
46-2 4-92 4-76 4-53 4:25 
Mean values 4-80 4-42 4:18 3-91 


Fig. 3 shows the graphical evaluation of the temperature function of the velocity constant & according 
° _ a equation. The inclination of the straight line corresponds to an energy content of 
10 cals. 
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As the velocity of the concurrent thermal reaction is small, no account was taken of it during the 
photochemical measurements. The velocities of the reaction in the dark and in the light show a ratio 
of about 1 : 28 (see Fig. 4). 

Addition of an acid (e.g., hydrochloric) increases the velocity of the photochemical reaction but 
slightly. The increase is linear with the concentration of the acid. The thermal reaction, however, is 
accelerated considerably by the addition of acid: addition of 4-62 x 10-*m-hydrochloric acid increases 
the amount of the reaction products about 16-fold. In a decidedly acid medium the mechanism of the 
reaction takes a very complicated course. 

Addition of alkali (sodium hydroxide) diminishes the velocity both of the thermal and of the photo- 
chemical reaction considerably. Solution of potassium chromate are therefore decidedly less photo- 
active than are analogous solutions of potassium dichromate (see Fig. 5). By means of experiments, the 
results of which are shown in Table II, we have investigated the quantitative influence of the con- 
centration of hydroxyl ions on the velocity of the reaction. In the table, v denotes the experimentally 
obtained values for the velocity of the reaction at the start, and I,y., the % of light absorbed with regard 
to the concentration of the dichromate ions. Their concentration as well as that of HCrO,’ ions has 
been calculated with the help of the hydrolytic and dissociation equilibrium constants for the Cr,O,” ions 
and HCrO,’ ions respectively. (The numerical values of those constants are discussed later.) From 
the reaction mechanism, as set forth in the present paper, the following equation for the influence of the 
concentration of hydroxyl ions can be deduced : 


v = B’Iayy,/(k” —[HCrO,[0H’]) ........ (4) 




















From our experimental data we have calculated the numerical values for k’ and k”. The values 
obtained are also shown in Table II. As the values for k’ and k” are fairly constant, we infer that the 
above equation is valid, at least in principle. This statement further emphasises the intrinsic validity 
of the reaction mechanism discussed. 
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TABLE II. 
[K,Cr,0O,] = 2°31 x 10% mols./l.; [glycerol] = 7°51 mols./I. 
[OH’]. (HCrO,’). [Cr,0,”}. a Tene. k’ x 10%, k” x 10%, 
4-78 x 10710 2-14 x 10° 1:20 x 10 0-606 69-23 5-39 6-25 
4-76 5-55 
7-60 x 10° 1-94 x 107 7-55 x 10° 0-590 52-36 4-54 5-62 
5-02 5-66 
4-57 x 10-8 9-28 x 10° 1-72 x 10° 0-570 15-54 4-58 5-49 
4-63 5-63 
1-00 x 107 5-08 x 10-3 5-20 x 10 0-523 6-23 4-70 5-65 
5-40 5-72 
2-63 x 107 2-10 x 10° 1-25 x 10% 0-432 1-22 5-21 5-67 
4-90 5-66 
Fic. 4. 
Fic. 5. 
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0 50 700 0 50 700 
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K,Cr,0,: 2°31 X10- mols. /i. Glycerol: 7-51 mols. /I. Glycerol: 7-51 mols. /t. 
(1) Thermal and photochemical reactions. (1) Photo-veaction with K,Cr,0,=2-31 x 10 mols. /I. 
(2) Thermal reaction only. (2) Photo-reaction with K,CrO,=4-62 x 10 mols. /I. 


The influence of the concentration of glycerol on the velocity of the photochemical reaction has also 
been studied, and two concentration ranges of glycerol can be distinguished with regard to the velocity 
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of the reaction. In the lower range (up to 6m) the increase of the initial velocity of the reaction is linear 
with increase of the concentration of glycerol. In the higher range (7—12m) this phenomenon is no 
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longer observed. Fig. 6 shows the results of measurements with 5-77 x 10-°m-dichromate, and analogous 
results have been obtained with concentrations of 2-31 x 10-*m. The non-linear curve in Fig. 6 can be 


expressed by the equation 
v = 0-6[C5H,(OH),]/{0-45 + [CsH,(OH),]} 


The values for the velocity of reaction at the start in Table III have been calculated by means of the 
above equation. The agreement between the found and the calculated values establishes the validity 
of the above equation, which has been inferred from the proposed reaction mechanism. 


TaBLeE III. 
[(C,H,;(OH),], M. v, found. v, calc. 
0-25 0-28 0-21 
1-75 0-45 0-48 
3-25 0-51 0-53 
4-85 0-54 0-55 

The Reaction Mechanism.—From the foregoing kinetic measurements and also from the fact 
that the photochemical oxidation of glycerol with dichromate shows a negative temperature 
coefficient it is possible to draw certain conclusions on the reaction mechanism. The few known 
cases of a negative temperature coefficient have been explained by assuming a chemical equi- 
librium that precedes the reaction determining the velocity. This equilibrium shifts with a 
rise of temperature in such a way that the concentration of one of the reagents diminishes, 
with resulting decrease of the reaction velocity. It can be easily seen that with such a reaction 
mechanism a negative temperature coefficient can be the more easily reached the move the 
preceding equilibrium is dependent on the temperature and the /ess this is the case with the 
reaction itself. 

The velocity of photochemical reactions is, in general, almost independent of temperature, 
as the activation energy is furnished, at least for the greater part, by the absorption of the 
light. It must therefore be inferred that in photochemical reactions a negative temperature 
coefficient would be expected oftener than is actually the case if only reactions could be found 
where the preceding equilibrium showed the above-described dependence on temperature. 

If we suppose that potassium dichromate, being a strong electrolyte, is completely dis- 
sociated in aqueous solution, we have for such solutions the following equations for its hydrolysis 
and dissociation : 

Gwe" 4+MOs moore . wl tl tll le ED 
ge ad 
(3) HCr,0,’=2 Cr,0,” + H’ 

In neutral or weakly acid solution the equilibrium (3) is shifted strongly towards the right 
(compare the value of the dissociation constant given by Bowen and Jarnold, J., 1929, 1648) 
so that in those solutions only equations (1) and (2) determine the concentration of the ions. 
The question arises : which of the equilibria precedes the photoreaction and which ion can there- 
fore be considered as the photoactive component of the reaction ? 

We suppose now that equation (1), 7.e., the hydrolysis of the dichromate ion, precedes the 
photoreaction and that the ion Cr,O,” represents the photoactive component. In order to 
prove this supposition we shall compare the heat of reaction of this hydrolysis equilibrium with 
the value calculated according to the Arrhenius formula from the influence on the photo- 
oxidation of glycerol. 

The heat of reaction of the equilibrium (1) has not been determined; it has, however, been 
calculated by LaMer and Read (J. Amer. Chem. Soc., 1930, 52, 3098) from their measurements of 
the heat of neutralisation of sodium dichromate by sodium hydroxide to be — 13,640 cals. /mol. 
In this calculation, the value of the equilibrium constant (1) to be used is important. The 
equilibrium constants in (1) and (2), viz., K, = [HCrO,’}?/[Cr,0,”] and K, = [H'‘][CrO,”] /[HCrO,’} 
have been determined by various authors, but the values obtained differ considerably as can 
be seen from Table IV. 

TABLE IV. 


Ky. K, xX 107. Authors. 
0-013—0-04 7-4—8-4 Sherrill # 
6-0 Sherrill? 
2-5 -- Beck and Stegmiiller ? 
— 3-7 Beck and Stegmiiller ? 
0-044—0-054 oa Stokes et al.* 


1 J. Amer. Chem. Soc., 1907, 29, 1641. 2 Arb. Kais. Gesundh., 1910, 34, 446. 
3 Trans. Faraday Soc., 1941, 37, 566. 
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LaMer and Read used the mean value of Sherrill’s determinations, K, = 0°019. This 
value is decidedly too low, as can be inferred from the fact that they obtained for the heat of 
dissociation of the hydrochromate ion, 7.e., for the equilibrium (2), a value of +780 cals./mol., 
which differs even in sign from the value calculated directly from the reaction isochore for the 
value of the dissociation constant (K,) for various temperatures, viz., —6772 cals./mol. On the 
other hand, the value for K, given by Beck and Stegmiiller cannot be right either, because 
with it LaMer and Read’s measurements cannot be interpreted at all. We have therefore 
used for our calculations a value of K, that is a mean of the data given by Stokes e¢ al., viz., 
K,= 0°05. With this value we were able to calculate from the measurements of LaMer and 
Read a value for the heat of hydrolysis of Cr,0,”” (— 1186 cals./mol.) that agrees very well with 
the heat effect of our kinetic measurements (— 1210 cals./mol.). Moreover, a value for the heat 
of dissociation of the hydrochromate ion was obtained (—7860 cals./mol.) that agrees fairly 
well with the dependence on temperature of the dissociation constant (—6772 cals./mol.). 

We consider these facts as proof that in the photochemical oxidation with dichromate, the 
ion Cr,0,” represents the photoactive component. Its hydrolytic equilibrium precedes the 
photochemical reaction. With the increase of temperature the equilibrium shifts in favour of 
the hydrochromate ion. This corresponds to a decrease of the concentration of the photo- 
active component and consequently to a diminished reaction velocity. 

An excitation of the electron is possible in such a complex ion if the light energy is absorbed 
by an electron shift into the empty orbit of the ion. Whether such a light absorption would 
lead directly to a photochemical reaction is, however, questionable (Bonhoeffer and Harteck, 
“‘ Grundlagen der Photochemie,” Dresden, 1933, p. 165). We suppose, therefore, that the 
primary photochemical reaction consists in a shift of an electron within the hydrated dichromate 
ion. By taking up energy, the ion becomes so unstable that it disintegrates into OH’, HCrO,’, 
and CrO;. For the photochemical oxidation of glycerol we must therefore suppose the following 
reaction mechanism : 

Cr,0,”,HOH = 2HCrO,’ — 1186 cals. 

(1) Cr,0,”,HOH + Nhv-—>OH’ + HCrO,’+CrO, . . . . . . s (Ay) 

(2) CrO, + HCrO,’ + OH’—>Cr,0,”+H,O . . © ks cee 

(3) CrO, + C,;H,(OH), —>CrO, + C,H,(OH),*CHO + H,O a? aren & 

(4) CrO, + CrO, —>Cr,0, 

(5) Cr,O, + C;H,(OH), —>C,H,(OH),-CHO + Cr,O, + H,O 
This accounts in the first place for the fact that the photochemical oxidation with dichromate 
is followed by production of an alkaline reaction. The formation of glyceraldehyde has been 
established by Bowen and his collaborators (Bowen and Bunn, /., 1927, 2353; Bowen and 
Yarnold, J.,1929, 1648), and Eder (J. pr. Chem., 1879, 14, 294) found CrO, and Cr,O, in chromate— 
gelatin that had been exposed to light. 

In this reaction mechanism CrO,, CrO,, and Cr,O, have to be considered as unstable inter- 
mediates. If one assumes their concentration during the stationary period to be constant, the 
photochemical reaction velocity, after the usual calculations are done, can be expressed as 


— 4 dICr,04) _ hTate[CyH (OH),] 
dt =, [HCrO,")[OH’]/k, + [(C3H,(OH)5) 
In this and in the following equations the value J, is given by 
Taps. = Ig(1 — e?[(Cr,0,”,HOH)) 

This expression has been confirmed in every respect by experiment. From it follows, first, 
the linear dependence of the reaction velocity on the intensity of light (J)), and secondly, the 
exponential deceleration of the reaction and the increase of the concentration of the HCrO, ion 
on the addition of alkali. From the above expression a non-linear increase of the reaction 
velocity with the increase of the concentration of glycerol must be expected. If the concentration 
of glycerol is low, however, the following expression showing a linear connection is valid : 

+ d[Cr,O3] ~ Ry Tave.[CsH;(OH)s) 
dt k,[HCrO,’][0H 1/k, 

If the concentration of glycerol is high, the reaction velocity according to the expression 
+d[Cr,0,]/dt ~ k,I,p., becomes independent of this concentration. 

All these deductions from the expression have been fully confirmed by experiment. It can 
be inferred therefrom that the reaction mechanism, as described above, corresponds in principle 
to the actual reaction. 
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428. Photochemical Reactions. Part XIII. (a) Photochemical Reactions 
of Ethylenes with Phenanthraquinone and with 1: 2: 3-Triketones. 
(b) Dimerisation Reactions in Sunlight. 


By ALEXANDER SCHONBERG, AHMED MustaFa, MOHAMED ZAKI BARAKAT, Nazin LatIr, 
RADWAN MOUBASHER, and AKILA MustaFa (Mrs. SalIp). 


(a) Photochemical reactions of phenanthraquinone and p-methylstilbene, a-ethylstilbene, 
and 1-phenyl-2-8-naphthylethylene yield the substances (Ia), (Ib), and (Ic), respectively. 
Similar reactions were carried out with triketoindane and stilbene and with perinaphthindane- 
7:8: 9-trione (III) and stilbene, yielding the substances (II) and (IV), respectively. 

(b) Photochemical polymerisation of a-naphthaquinone yields the colourless dimer (V) ; 
1: 2-benzanthracene yields the photo-dimer (VII). The bearing of this experiment on 
biological experiments with carcinogenic substances is stressed. The dimer (VIII) of 
1 : 3-diphenylbenzisofuran, so far only obtained by a photo-process, was synthesised by a dark 
method. 


(a) The work on the action of stilbenes on phenanthraquinones (Schénberg and Mustafa, 
Chem. Reviews, 1947, 40, 181; J., 1944, 387; 1945, 551; 1947, 997) has been continued, 
and phenanthraquinone has been allowed to react in sunlight with p-methylstilbene, «-ethyl- 
stilbene, and 1-phenyl-2-8-naphthylethylene. The reaction products,* 3-phenyl-2-p-tolyl- (Ia) 
2 : 3-diphenyl-3-ethyl- (Ib), and 3-phenyl-2-B-naphthylphenanthro(9’ : 10’: 5: 6)dioxen (Ic), are 
colourless or almost colourless substances which, when heated, decompose into their generators. 
So far, photo-addition reactions of this type have been carried out with 1: 2-diketones 
(o-quinones), but only now it has been found f that the reaction can be carried out also with 


H Ph 
(S Q ~ - 
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AY Ee OLS > aa © 
| Yo - ee (CX) 
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Ia; R = H, R’ = Ph, R” = p-C,H,Me.) 
tie: R = Et, R’ = R” = Phy pis (III.) (IV.) 


(Ic: R =H, R’ = Ph, R” = B-CyoH,,) 


1: 2: 3-triketones; thus triketoindane and perinaphthindane-7 : 8 : 9-trione (III) gave with 
stilbene the photo-addition products 1’-keto-2 : 3-diphenylindeno(2’ : 3’ : 5: 6)dioxen (II) and 
9’-keto-2 : 3-diphenylperinaphthindeno(7’ : 8’: 5: 6)dioxen (IV). Their constitution is based on 
the fact that they are almost colourless, in contrast to the initial triketones which are dark red, 
and on the fact that the photo-addition products decompose on heating, with the re-formation 
of stilbene. 

The scope of the photo-reaction between ethylenes and 1 : 2-diketones or 1 : 2 : 3-triketones 
may be seen from the following lists which give the names of the substances so far found active. 

Ethylenes. Styrene, 1: 1-diphenylethylene, stilbene, -methylstilbene, pp’-dimethoxy- 
stilbene, «-ethylstilbene, 1: 1-diphenylprop-l-ene, 1 : 1-di-(p-diphenylyl)-2-methylethylene, 
1: 1-dixenylethylene, 1: 1-di-p-methoxyphenyl-2-methylethylene, -stilbazole, 8-chloro- 
stilbene, 9-benzylidenexanthen, 9-benzylidenethioxanthen, benzylidenephthalide, methylene- 
anthrone, triphenylethylene, 1-phenyl-2-8-naphthylethylene, and diphenylketen. 

Ketones. Benzil, phenanthraquinone, retenequinone, triketoindane, and  feri- 
naphthindane-7 : 8 : 9-trione. 

Phenanthraquinone reacts with all the ethylenes mentioned above, and stilbene with all those 
in the second list. 

(b) (i) When the benzene solution of the yellow «-naphthaquinone is exposed to sunlight, the 
colourless photo-dimer (V) is formed.{ The constitution of (V) is based on the following facts. 
The lack of colour makes a quinonoid structure improbable. The substance is not phenolic, for 
it is insoluble in alkali and does not react with diazomethane; it decomposes on heating at 270°, 
quantitatively or nearly so, with regeneration of «-naphthaquinone. As the dimer is difficultly 


* These experiments were carried out by Nazih Latif. 
+ These experiments were carried out by R. Moubasher and Mrs. Said. 
} These experiments were carried out by M. Z. Barakat. 
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soluble, no molecular-weight determination could be carried out. The assignment of a dimeric 
structure is based on the fact that 2-methyl-1: 4-naphthaquinone gives, in sunlight, a 
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photo-dimer (Madinaveitia, Chem. Abs., 1935, 29, 5438) which is soluble enough to allow of a 
molecular-weight determination. (V) is of interest because its hypothetical enolic form (VI) is 
related to diphenylene. 

We were unable to prepare the photo-dimer of 2: 3-dimethyl-1 : 4-naphthaquinone; the 
crystals were unchanged when exposed to sunlight, and no photo-reaction could be detected in 
their irradiated benzene solution. 

(b) (ii) Very little is known about the photo-dimerisation of carcinogenic hydrocarbons. We 
found * that the weakly carcinogenic 1 : 2-benzanthracene (Shmuk and Guseva, Chem. Abs., 
1941, 35, 3271) forms a difficultly soluble colourless photo-dimer, analogous to dianthracene, the 
photo-dimer of anthracene. The former dimer was obtained as a crystalline powder which is 
probably a mixture of isomers: whereas isomers are not possible for dianthracene, they are 
possible for di-1 : 2-benzanthracene (VII), which can be either an s- or an as-compound. 


H O ph Ph 
Ph Ph 


The possibility of inet should not be overlooked when substances are tested 
for carcinogenic activity, where the material is applied externally. When 1 : 2-benzanthracene 
is tested, the animals should be kept in the dark to avoid photo-polymerisation of the material 
under investigation. A number of carcinogenic substances are now being investigated in this 
Department to discover whether they are changed f (formation of non-carcinogenic substances 
by the action of sunlight?). It is a remarkable fact that not only many carcinogenic 
hydrocarbons, but also a number of highly active carcinogenic compounds containing nitrogen, 
are derivatives of substances which undergo chemical reactions when their solutions are exposed 
to sunlight. Carcinogenic substances of this type are, inter alia, 4-dimethylaminoazobenzene 
(butter-yellow) and 2 : 3’-azotoluene, which are derivatives of azobenzene of which it is known 
that in solution the cis- and the trans-form are interconvertible in sunlight (Hartley, J., 1938, 
634). The carcinogenic derivatives of 4-aminostilbene (Haddow and Kon, Brit. Med. Bull., 
1947, 4, 324) are derivatives of stilbene, which forms a dimer when its benzene solution is exposed 
to sunlight (Ciamician and Silber, Ber., 1902, 35, 4129). 

(b) (iii) The photo-dimer (VIII) of 1 : 3-diphenylisobenzfuran, obtained by the action of 
sunlight on the orange-yellow monomer (Guyot and Catel, Bull. Soc. chim., 1906, 35, 1127; 
Adams and Gold, J. Amer. Chem. Soc., 1940, 62, 2041), has not yet been obtained by a dark 
process. We found that when the monomer is heated at 270° in a sealed tube in dry carbon 
dioxide, and the melt is chilled in ice-water as quickly as possible, a good yield of (VIII) is 
obtained. 


Parallel experiments were carried out with anthracene and a-naphthaquinone, but no 
dimerisation occurred. 


EXPERIMENTAL. 


The benzene was thiophen-free and dried over sodium. The photochemical reactions were carried 
out in Pyrex-glass tubes, the air having been displaced by dry carbon dioxide, and the tubes sealed. 

Photo-reactions of Phenanthraquinone. —(i) With p-methylstilbene. Phenanthraquinone (1-09 g.) and 
p-methylstilbene (1 g.) (Meerwein et al., J. pr. Chem., 1939, 152, 237) in benzene (50 c.c.) were 
exposed to sunlight for six days (October). Most of the benzene was then driven off; after some time, 


* These experiments were carried out by A. Mustafa. 

+ It was found that 5- and 4’-methylbenzanthracene furnish in sunlight colourless photo-products of 
high melting point, which at room temperature are less soluble in benzene than the initial materials. 
These two substances were kindly supplied by Professor Haddow and Professor Kon (The Chester 


Beatty Research Institute of the Royal Cancer Hospital, London), but lack of material made further 
investigation impossible. 
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crystals appeared which were recrystallised from ethyl acetate. The addition product (Ia) formed 
colourless crystals, m. p. 247° (decomp.; orange melt) (Found: C, 86-2; H, 5-4. C,.H,.O, requires 
C, 86-5; H, 5-5%); it gave a violet colour reaction with concentrated sulphuric acid at room temperature 
after a few minutes, and was soluble in benzene, but difficulty soluble in light petroleum (b. p. 50—70°) ; 
on pyrolysis, phenanthraquinone and p-methylstilbene were obtained. 

The foregoing product was heated at about 270° (bath temp.) in a stream of carbon dioxide (the 
height of the decomposition tube being 25 cm.) for 15 minutes. The product was allowed to cool in a 
stream of carbon dioxide, and after 24 hours the crystals formed on the upper parts of the reaction vessel 
were extracted with hot light petroleum (b. p. 50—70°); the residue proved to be phenanthraquinone. 
The petroleum extract was concentrated and the resulting crystals, recrystallised from methyl] alcohol, 
proved to be p-methylstilbene (m. p. and mixed m. p.). 

(ii) With a-ethylstilbene. Phenanthraquinone (0-9 g.) and a-ethylstilbene (0-7 g.) (Klages and 
Heilmann, Ber., 1904, 37, 1452) in 30 c.c. of benzene were exposed to sunlight for 13 days in December, 
the phenanthraquinone gradually dissolving completely. Then the contents of the tube were filtered, 
and the filtrate concentrated; a solid orange product (phenanthraquinone) appeared, which was 
filtered off. The filtrate was concentrated, and light petroleum (b. p. 50—70°) added until it became 
turbid. After 24 hours’ standing, orange crystals of phenanthraquinone were formed; the filtrate from 
these, after addition of methyl alcohol and a few drops of acetone, yielded the photo-product (Ib) ; 
colourless crystals, m. p. 169°, from light petroleum (b. p. 50—70°). When this was treated 
with concentrated sulphuric acid no colour occurred in the cold, but on being warmed on the water-bath, 
the acid became violet after a short time (Found : C, 86-7; H, 6-3. Cj9H,,O, requires C, 86-6; H, 5-8%). 

Thermal decomposition was carried out as described above for 30 minutes, and the products were 
a-ethylstilbene, which was purified by crystallisation from light petroleum (m. p. and mixed m. p.), and 
phenanthraquinone. 

(iii) With 1-phenyl-2-B-naphthylethylene. Phenanthraquinone (0-4 g.) and 1-phenyl-2-8-naphthyl- 
ethylene (0-4 g.) (Bergmann and Schapiro, J. Org. Chem., 1947, 12, 57) in benzene (30 c.c.) were exposed 
to sunlight for 15 days (April), the phenanthraquinone dissolving gradually. The contents of the tube 
were filtered and the filtrate concentrated. On addition of acetone, crystals were formed after some time 
in the ice-chest; the product (Ic) recrystallised from chloroform—methyl] alcohol as colourless crystals, 
m. p. 199° (orange melt) (Found: C, 87-6; H, 5-2. C;,H,.O, requires C, 87-6; H, 4:9%). 

Thermal decomposition, as before, afforded phenanthraquinone and 1-phenyl-2-B-naphthylethylene 
(m. p. and mixed m. p.). 

Photo-reactions of Stilbene.—(i) With triketoindane. Triketoindane (1 g.), stilbene (0-7 g.), and 
anhydrous sodium sulphate (0-5 g.) in benzene (25 c.c.) were exposed to sunlight for three weeks in 
February. The contents of the tube were filtered off, and the residue washed with water to remove 
sodium sulphate and unreacted triketone. The product (II) (0-6 g.) crystallised from benzene—petrol 
(b. p. 70—90°) as light yellow crystals, m. p. 210° (decomp.), easily soluble in benzene, difficultly soluble 
in cold alcohol and petrol, and not giving a colour reaction with 20% sodium hydroxide at room 
temperature, in contrast to the original ketone which gives an intense blue coloration with this reagent 
(Found: C, 80-4; H, 4-4. C,,;H,,0, requires C, 81:2; H, 4-7%). Sodium sulphate was used in this 
experiment to retain any water which might enter the tube during sealing, as the ketone reacts rapidly 
with water to form the hydrate (“ ninhydrin ’’). 

Pyrolysis of (II) was carried out in a test-tube in a bath at 220° for 20 minutes; after cooling, the 
colourless crystals which had formed on the upper part of the test tube proved to be stilbene (m. p. and 
mixed m. p.). 

(ii) With perinaphthindane-7 : 8: 9-trione. The triketone (III) (1 g.) and stilbene (1 g.), partly 
dissolved and partly suspended in benzene (25 c.c.), were exposed to sunlight for 10 days (May). The 
reaction product (IV) which separated was crystallised from benzene—petrol (b. p. 70—90°) and then from 
methyl alcohol; m. p. 220—-222° (decomp. ; dark red-brown melt); yield 0-9g. The pale yellow product 
is soluble in benzene and difficultly soluble in cold methyl and ethyl alcohol; it gives an orange colour 
with concentrated sulphuric acid and no colour reaction with 20% sodium hydroxide in the cold, in 
contrast to (III) which gives a blue coloration with this reagent (Found: C, 83-1; H, 4:6. C,,H,,0, 
requires C, 83-1; H, 4-7%). 

Thermal decomposition of (IV) was carried out as in the case of (II) and stilbene was identified by 
m. p. and mixed m. p. 

Photo-dimerisation of a-Naphthaquinone.—The quinone (0-5 g.) in benzene (12 c.c.) was exposed to 
sunlight (mid-November to mid-December) ; colourless crystals began to form after a week, and at the 
end of the experiment these were filtered off, washed with a little cold benzene, and crystallised from 
excess of alcohol; m. p. 244—248° (decomp.; brown melt) (Found: C, 75-7; H, 4:1. CygH,,0, 
requires C, 75-9; H, 3-8%); yield 0-2 g. A parallel experiment carried out in the dark gave a negative 
result. The dimay is very difficultly soluble in hot benzene and boiling ether. It is insoluble in 
concentrated or dilute aqueous sodium hydroxide solution, and gives no colour reaction with concentrated 
sulphuric acid and no reaction with diazomethane. 

The thermal decomposition of (V) was carried out in a large test-tube ——_ which a stream of dry 
carbon dioxide passed. The lower part was heated at 270° for 10 minutes. The resulting brown melt 
was cooled and crystallised from ethyl alcohol, and the product proved to be a-naphthaquinone (mixed 
m. p. and properties). No other product could be detected. 

Effect of sunlight on solid a-naphthaquinone. Solid a-naphthaquinone was exposed to sunlight in a 
Monax glass tube for two months (July and August) but no change could be observed. In a parallel 
experiment 2-methyl-1 : 4-naphthaquinone was transformed into the photo-dimer. 

Behaviour of 2: 3-Dimethyl-1 : 4-naphthaquinone in Sunlight.—The quinone (Fieser and Oxford, 
J. Amer. Chem. Soc., 1942, 64, 2063) was found to be stable when exposed to sunlight in benzene solution 
or in the solid state. These experiments were carried out as described above. 

Molecular Weight of the Photo-dimer of 2-Methyl-1 : 4-naphthaquinone.—A determination carried out 
by Rast’s method gave M, 357 (Calc. for C,.H,,0,: M, 344). 




















[1948] N*-Sulphanilamides derived from Aminoquinoxalines, etc. 2129 


Polymerisation of 1: 2-Benzanthracene in Sunlight.—This substance (1 g.) (Eastman—Kodak) was 
dissolved in dry benzene (20 c.c.) and exposed to sunlight (January). After 24 hours’ exposure, the 
colourless microcrystalline photo-dimer was obtained, and was recrystallised from tetralin at 100°. It is 
easily soluble in boiling tetralin, difficultly soluble in benzene and carbon disulphide; m. p. 235° (Found: 
C, 94-4; H, 5-6. C,,H., requires C, 94-7; H, 5-3%). 

The photo-dimer (0-5 g.) was heated at 270° (ethyl phthalate bath) for 10 minutes in dry carbon 
dioxide and allowed tocool. The solidified melt proved to be the monomer (m. p. and mixed m. p.). 

Polymerisation of 1 : 3-Diphenylbenzisofuran in the Dark.—This substance (0-2 g.) (Guyot and Catel, 
loc. cit.), contained in a sealed Pyrex tube, was completely immersed in boiling ethyl phthalate (270°) for 
30 minutes; the tube was then rapidly chilled in ice-water. The contents of the tube were washed with 
hot light petroleum (b. p. 50—-70°) several times (to remove any unchanged substance), and the insoluble 
residue dissolved in hot acetic acid (12 c.c. of 99-6% acid containing 0-5 c.c. of water); on slow cooling, 
colourless crystals were obtained and proved to be (VIII) (Guyot and Catel, Joc. cit.) (m. p. and mixed 
m. p. and comparison of the properties) (Found: C, 88-8; H, 5-5. Calc. for CyH,,0O,: C, 88-9; H, 
5-2%); yield ca. 80%. If in the above experiment the reaction tube was allowed to cool very slowly, 
no dimeric product could be detected. 
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429. N?-Sulphanilamides derived from Aminoquinoxalines and 
Aminomethylquinoxalines. 


By Bertie C. Pratt and Tuomas M. SHarp. 


The three possible aminoquinoxalines, nine of the fifteen possible aminomethylquinoxalines, 
and nine of the corresponding N1-sulphanilamides have been synthesised. 

The identity of the product obtained from 2 : 3-diaminotoluene hydrochloride and mesoxalic 
ester has been established as 2-hydroxy-3-carbethoxy-5-methylquinoxaline. 

A convenient method for the preparation of 3: 5-dinitro-o-toluidine is described, and 
attention is drawn to a neglected method for the preparation of 3: 5-dinitro-p-toluidine 
(Ullmann and Gross, Ber., 1910, 43, 2697). 


It has been reported (Schmith, Dansk Tids. Farm., 1940, 14, 215) that the seven isomeric 
sulphanilamidoquinolines have bacteriostatic activity against pneumococcus type I im vitro 
equal to that of sulphapyridine. It was thought that the isomeric sulphanilamidoquin- 
oxalines—which stand in the same structural relationship to sulphanilamidopyrazine as do the 
sulphanilamidoquinolines to sulphapyridine—might be of chemotherapeutic interest, since 
favourable clinical reports of the use of sulphapyrazine have been published (e.g., Ruegsegger, 
Hamburger, junr., Turk, Spies, and Blankenhorn, Amer. J. Med. Sci., 1941, 202, 432; 
Broh-Kahn and Erdman, ibid., 1946, 212, 170). 

The effect of the introduction of a methyl group into the quinoxaline nucleus of sulphanil- 
amidoquinoxalines has also been examined, since the presence and position of such an apparently 
inert group are known to cause profound changes in the biological activity of many types of 
compound, although at present no completely satisfactory explanations of these changes have 
been suggested. For example, 1 : 4-naphthaquinone has a slight vitamin-K activity which is 
increased 500-fold by the introduction of a methyl group into the 2-position (Dam, Glavind, and 
Karrer, Helv. Chim. Acta, 1940, 23, 229), while a second methyl] group in the 6-position results in 
an inactive compound (Fieser, Bowen, Campbell, Fry, and Gates, J. Amer. Chem. Soc., 1939, 61, 
1927). The substitution of two methyl groups in the 1: 9-positions of 2 : 8-diaminoacridine 
(proflavine) gives a compound with greatly enhanced antibacterial action (Albert, Rubbo, 
Goldacre, Davey, and Stone, Brit. J. Exp. Path., 1945, 26, 160). The effect of a change in 
position of the methyl groups is very marked in the riboflavin series. A shift of the methyl 
groups from the 6 : 7- to either the 5 : 7- or the 6 : 8-positions gives rise to inactive compounds 
(Kuhn, Ber., 1937, 70, 1293), but a shift to the 5 : 6-positions produces a compound which is an 
antagonist to the growth effect of riboflavin on rats (Emerson and Tishler, Proc. Soc. Exp. Biol. 
Med., 1944, 55, 184). In the sulphonamide field, Lauger and Martin (Schweiz. Med. Woch., 
1943, 73, 402) have shown that the 4-monomethy] derivative of N1-benzoylsulphanilamide has a 
slight activity against experimental pneumococcal infections in mice, but the 3 : 4-dimethyl 
derivative (‘‘ Irgafen’’) has a very high activity. Change of position of one of the methyl 
groups or the introduction of more methyl groups give rise to inactive compounds. 

An instance of the enhancing effect of a methyl group on chemotherapeutic activity is 
provided in the present series of sulphanilamidoquinoxalines. It has been found by 
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Dr. G. Brownlee, of the Wellcome Physiological Research Laboratories, that N1-(3’-methyl-2’- 
quinoxalyl)sulphanilamide is much more active against Hemophilus pertussis infections of mice 
than N}-(2’-quinoxalyl)sulphanilamide. It is also only about one-sixth as toxic. 

The sulphanilamidoquinoxalines were made either from the amine and acetylsulphanilyl 
chloride followed by hydrolysis of the N*-acetyl group, or from the chloro-derivative and 
sulphanilamide. All were sparingly soluble in water. 

The preparation of N1-(2’-quinoxalyl)sulphanilamide was announced during the course of the 
present work by Weijlard, Tishler, and Erickson (J. Amer. Chem. Soc., 1944, 66, 1957), who 
obtained it from 2-aminoquinoxaline and acetylsulphanilyl chloride followed by deacetylation ; 
it has now been found that this sulphonamide can be conveniently made in good yield by the 
interaction of 2-chloroquinoxaline (Gowenlock, Newbold, and Spring, J., 1945, 622) with 
sulphanilamide in the presence of potassium carbonate and potassium iodide. The product 
diazotises and couples with alkaline B-naphthol; it is therefore N1-(2’-quinoxalyl)sulphanilamide 
and not the isomeric N*-(2’-quinoxalyl)sulphanilamide. 

Similarly, interaction of 2-chloro-3-methylquinoxaline with sulphanilamide in the presence of 
potassium carbonate has given N!-(3’-methyl-2’-quinoxalyl)sulphanilamide and not the isomeric 
N4-(3’-methyl-2’-quinoxalyl)sulphanilamide. This was proved by the ability of the product to 
diazotise and couple and by its synthesis from 2-amino-3-methylquinoxaline and acetylsulphanily]l 
chloride, followed by deacetylation with alcoholic hydrochloric acid. 

N}-(5’-Methyl-2’-quinoxalyl)sulphanilamide has been prepared by two similar routes starting 
from 2-amino-5-methylquinoxaline (VI) and 2-chloro-5-methylquinoxaline (V). The latter was 
prepared from 2-hydroxy-5-methylquinoxaline (IV) which was obtained both from 2-hydroxy-3- 
carbethoxy-5-methylquinoxaline (II) and from N-(3-nitro-o-tolyl)glycine (I). 

Although the reaction between 2: 3-diaminotoluene hydrochloride and mesoxalic ester 
might have led to two isomeric hydroxy-carbethoxymethylquinoxalines, it did in fact give only 
one isomeride. This failure to give both isomeric products is of interest since 2 : 3-diamino- 
toluene hydrochloride gives the two isomeric products (VIII and IX) with alloxan; further, it 
has been shown that 3: 4-diaminotoluene hydrochloride gives two isomerides with mesoxalic 
ester, alloxan (Platt, this vol., p. 1310) or w-bromoacetophenone (Hinsberg, Annalen, 1887, 237, 
370; Lellmann and Donner, Ber., 1890, 23, 166). On the other hand, only one isomeride is 
formed from 3 : 4-diaminotoluene and monochloroacetone (Hinsberg, Joc. cit.), oximinoacetone 
or methylglyoxal (von Pechmann, Ber. 1887, 20, 2544). Moreover, only one isomeride is 
reported in each case from the interaction of 4 : 5-diamino-m-xylene or 3 : 4-diamino-o-xylene 
with alloxan (Stern and Holiday, Ber., 1934, 67, 1450). 

















NH, _ ( con 
\ Pr0 Ns 
(I.) | 
Y 
= —, Nc “"~. TaN 
\\wH,,HCl ———> { C ort — +) Cyt —> ( pd esis 
\ JMB HCl we” APH Ay 7 
(I1.) (ur) (Iv.) \ 
aN ys P: 
-|.¢ SO. 00) 
| & we sito VA pm TY ye 
Ux) } —> {VE mp. i sare ) 
N 
O—NH Va 
* 3 0@- 
ny? NH | x , 
(VIII) “(VIT; m. p. 129°.) 


The identity of the 2-hydroxy-5-methylquinoxaline (IV) has been established by its 
unambiguous synthesis from N-(3-nitro-o-tolyl)glycine (I). Pollak (J. pr: Chem., 1915, 91, 
285), who investigated a series of reactions of chloro- and bromo-acetic acids with nitroamino- 
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toluenes, was unable to prepare this substituted glycine ; ‘it has now been obtained in 15% yield 
by heating 3-nitro-o-toluidine and bromoacetic acid at 125—140° with zinc chloride (absence of 
zinc chloride halves the yield). 

2-Hydroxy-5-methylquinoxaline (IV) was converted via the 2-chloro-derivative (V) into 
2-amino-5-methylquinoxaline (VI), m. p. 202°. This was identical with one of the two isomeric 
aminomethylquinoxalines obtained by treating a mixture of 5- and 8-methylalloxazines (IX and 
VIII) with concentrated sulphuric acid; the second isomeride (m. p. 129°) is most probably 
2-amino-8-methylquinoxaline (VII). The possibility exists that this product may be an 
inseparable mixture of 2-amino-8- and -5-methylquinoxaline since no independent synthesis 
of the former has been carried out. 

It has not been found possible to synthesise N*-acetyl-N1-(8’-methyl-2’-quinoxaly])- 
sulphanilamide from 2-amino-8-methylquinoxaline and acetylsulphanily] chloride. 

There are five possible monomethy] 5-aminoquinoxalines, of which only one, viz., 5-amino-7- 
_ methylquinoxaline, has been prepared. This exists as the monohydrate, as does also 
5-aminoquinoxaline; all the other amino- or aminomethyl-quinoxalines are anhydrous. 
5-Amino-7-methylquinoxaline was synthesised from 3 : 5-dinitro-p-toluidine as starting material ; 
this was readily obtained in quantity by the apparently neglected method of Ullmann and Gross 
(Ber., loc. cit.) by heating *p-tosyl-p-toluidide with nitric acid under reflux. The more usual 
route of nitrating aceto-p-toluidide is unsatisfactory owing to the ease of removal of the acetyl 
group; tar formation follows from the presence of the then unprotected amino-group. 

The only satisfactory method for the preparation of 3 : 5-dinitro-o-toluidine (required for the 
synthesis of 7-amino-5-methylquinoxaline) described in the literature appeared to be that of 
McGookin (J. Soc. Chem. Ind., 1941, 60, 297) who commenced with o-cresol and obtained an 
overall yield of 85%, but a repetition of this method gave an overall yield of only 16%. It was 
found that 3 : 5-dinitro-o-toluidine could be conveniently prepared in good yield and in quantity 
by simply refluxing p-tosyl-o-toluidide successively with 25% and 35% nitric acid, followed by 


TABLE I. 


Preparation of N}-quinoxalylsulphanilamides from aminoquinoxalines and 
acetylsulphanilyl chloride. 








N*-Acetylsulphonamides.t Sulphonamides. 

Amino- Solvent Analysis. Method Solvent Analysis. 
quin- for Found, %. of hydro- for Found, %. 
oxalines. M.p. recryst. C. H. ON. Ss. lysis. M.p. recryst. C. >» » 

5-Amino- 228— Aq. 56-2 43 163 9-4 25% Aq. 163— EtOH —- — 186 10-7 

230° EtOH NaOH 165° 
6-Amino- 277 Aq. 56-2 41 166 96 5% Aq. 227— Aq. — — 188 105 
(dec.) EtOH NaOH 229 acetone 

C,,.H,,0,N,5S requires 56-1 4:1 164 9-4 C,,H,,0,N,S requires 18-7 10-7 

2-Amino-3- — oo — — — — Ale. HCl 207 HOAc 57:7 4:7 17-7 98 
methyl- 

2-Amino-5- — — — —- — — Ale. HCl 202— C,H, — — 17:7 99 
methyl- 204 

5-Amino-7- 209 CHCl — — 156 87 Alc. HCl 214— EtOH 57-4 4-7 181 10-9 
methyl- 216 

6-Amino-2 283—- — —- —- — — Ale. HCl 258 EtOH 57:7 46 17-8 10-7 
(or 3)- 285 

methvl- 

7-Amino-6- 262—- — — — — — Ale. HCl 219— EtOH 57-4 45 18-2 10-2 
methyl- 265 220 

7-Amino-5- 262 Aq. — — 166 — Ale. HCl 225— PrOH 57:5 44 18-2 10-2 
methyl- EtOH 227 

Ci Hy 3N,S requires 15-7 9-0 C,;H,,0O,N,S requires 57-3 4:5 17-8 10-2 


+ The N‘-acetylsulphonamides were prepared from the corresponding amine and acetylsulphanily] 
chloride in dry pyridine. 


hydrolysis of the crude nitration product. This gave 3: 5-dinitro-o-toluidine in 68—91% 
overall yields from p-toluidine. It is to be noted that no nitro-group entered the “ p-tosyl 
ring’’ under these conditions. 


* p-Tosyl is used throughout for toluene-p-sulphonyl, except that new compounds are named 
systematically. 
6x 
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TABLE II. 
Preparation of N'-quinoxalylsulphanilamides from 2-chloroquinoxalines and sulphanilamide. 


Chloro- Solvent Analysis. 
quin- Yield, for Found, %. Calc., %. 
oxalines. Conditions for prep. %. M.p. recryst C. H. N. S C. H. N. S. 


2-Chloro- * 5 Hrs. at 165—175° + 82 250— Aq. 56-2 4-1 19-0 10-6 56:0 4:03 18-7 10-7 


KI (0-Im) + K,CO, 252°¢ dioxan 
(Im) + Cu in auto- 
clave 
2-Chloro-3- 12 Hrs. at 160—180° 63 207— COMe, 57:7 4-7 17-7 9-8 57:3 45 17-8 10-2 
methyl + K,CO, (1m) + Cu 209 
in autoclave 
2-Chloro-5- 2} Hrs. at 160—190° — 202— C,H, — — 177 99 57:3 45 17-8 10-2 
methyl + KI (1m) + 204 
K,CO, (1m) + Cuin 
autoclave 


* Gowenlock, Newbold, and Spring, Joc. cit. 
+ Weijlard, Tishler, and Erickson, Joc. cit., obtained this compound by hydrolysis of the N*-acetyl 
derivative and give m. p. 247—248°. 


EXPERIMENTAL.*® 


2:3-, 3: 4-, and 2: 5-Dinitroacetanilides.—These were obtained by nitration of m-nitroacetanilide 
by modifications of the methods of Macciotta (Ann. Chim. appl., 1939, 29, 81) and Welsh (J. Amer. Chem. 
Soc., 1941, 68, 3276). A solution of m-nitroacetanilide (10 g.) in fuming nitric acid freed from nitrous 
acid (25 c.c.) was run into a well-stirred mixture of concentrated sulphuric acid (125 c.c.) and glacial 
acetic acid (25 c.c.), the temperature being kept between —10° and 0°. While the m-nitroacetanilide 
solution was being run in, a second similar solution was prepared and kept in the freezing mixture until 
required : this was repeated 5 times until a total of 50 g. of m-nitroacetanilide had been added. This 
procedure was necessary to prevent the latter from reacting with the nitric acid before its addition to 
the acetic-sulphuric acids (cf. Welsh, Joc. cit.). After all the nitric acid solution had been added 
(50 mins.), stirring in the freezing mixture was continued for a further hour. The solution was slowly 
poured into stirred ice-water to give a pale yellow precipitate which was washed free from acid. If the 
addition to ice-water is carried out too quickly, a sticky mass is obtained which can be dealt with only by 
dissolution in acetic acid and repouring into water. 

2 : 3-Dinitroacetanilide was obtained from this precipitate by crystallisation from benzene—acetone 
(2:1) in 31% yield (19-6 g.), m. p. 187°. 3: 4-Dinitroacetanilide could be isolated from the more 
soluble fractions most conveniently by recrystallisation from chloroform, but this was unnecessary since 
the mixture of 3:4- and 2: 5-dinitroacetanilides (34-4 g., 55%) was converted on hydrolysis and 
reduction into 1 : 2 : 4-triaminobenzene (used for 6-aminoquinoxaline preparation). 

2 : 3-Dinitroaniline.—2 : 3-Dinitroacetanilide was hydrolysed with concentrated sulphuric acid at 
110° (method of Wender, Atti Reale Accad. Lincei, 1889, 5, 1, 540; Gazzetta, 1889, 19, 226). 

1: 2: 3-Triaminobenzene.—2 : 3-Dinitroaniline (45 g.) was added in portions to a solution of stannous 
chloride (560 g.) in concentrated hydrochloric acid (750 c.c.). After the vigorous reaction had subsided, 
the solution was heated for 14 hours on the water-bath, then cooled overnight in the refrigerator. The 
precipitate was freed from tin with hydrogen sulphide in weakly acid solution to give, on concentration, 
1 : 2: 3-triaminobenzene dihydrochloride (does not melt below 300°; 77—-92% yields). The dipicrate 
was obtained as yellow crystals from water (decomp. 183°) (Found: C, 37-4; H, 2-78; N, 21-9. 
C,H,N,,2C,H,O,N, requires C, 37-2; H, 2-60; N, 21-7%). 

5-A minoquinoxaline.—Glyoxal “‘ sulphate’ (42 g.; K. Ott, D.R.-P. 362,743; 1922) was added in 
ortions to a solution of | : 2 : 3-triaminobenzene dihydrochloride (25 g.) in aqueous sodium carbonate 
800 c.c. of 10%) and the solution was refluxed for 14 hours. After cooling, it was continuously extracted 

with ether; removal of the ether after drying (Na,SO,) gave the required base, m. p. 85—86° (16-8 g., 
81%). Recrystallisation from light petroleum (b. p. 4U0—60°) gave pale yellow plates, m. p. 87—88°, 
of the monohydrate (Found: C, 59-1; H, 5-54; N, 26-2. C,H,N;,H,O requires C, 58-9; H, 5-56; 
N, 25:7%). Ondrying at 75° in a vacuum it lost 11-5% of its weight (C,H,N;,H,O requires loss, 11-0%) 
to give the pale orange anhydrous base, m. p. 93—95° (Found: C, 66-3; H, 5-1; N, 28-5. C,H,N, 
requires C, 66-2; H, 4-86; N, 28-9%), which reverts to the paler monohydrate on exposure to air. 

Note on rhe poy of 5- and 6-Aminoquinoxalines.—Instead of separating the isomerides obtained 
in the nitration of m-nitroacetanilide (above) and acting on them separately with glyoxal, the mixture of 
2:3-, 3: 4-, and 2: 5-dinitroanilines can be reduced to the mixed triaminobenzenes and treated with 
glyoxal. The resulting 5- and 6-aminoquinoxalines were readily separated by extraction with light 
petroleum, in which the 6-isomeride is insoluble. 

6-Aminoquinoxaline was obtained in 79% yield, m. p. 157° (Hinsberg, Ber., 1886, 19, 1253, gives 
m. p. 158—159°). 

S atntvomp-Scnetigtentnenaiies (Hinsberg, Annalen, 1896, 292, 249), m. p. 245°, was obtained in 
717% yield from o-phenylenediamine and pyruvic acid in alcoholic solution (Found: C, 67-3; H, 5-1. 
Calc. for C,H,ON,: C, 67-4; H, 5-0%). 

2-Chloro-3-methylquinoxaline.—Phosphorus oxychloride (600 c.c.) was heated under reflux with 
2-hydroxy-3-methylquinoxaline (60 g.) for } hour. The solution was poured cautiously into stirred 


* Added in Proof.—A paper by Wolf, Bentel, and Stevens (submitted February 24th, 1948) has just 
appeared (J. Amer. Chem, Soc., 1948, 70, 2572) in which eight of the compounds recorded here as new 
are also described. 
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ice-water and made alkaline with sodium hydroxide solution. The precipitated 2-chloro-3-methyl- 
quinoxaline (m. p. 83—87°; 57 g., 85%) after recrystallisation from light petroleum or sublimation in a 
vacuum gave colourless needles, m. p. 87° (Found: Cl, 19-9. C,H,N,Cl requires Cl, 19-9%). It is 
readily soluble in organic solvents. 

2-A mino-3-methylquinoxaline.—A solution (300 c.c.) of dry ammonia in absolute alcohol, saturated 
at 0°, and 2-chloro-3-methylquinoxaline (13-4 g.) were heated in an autoclave for 7 hours at 160—175°. 
After removal of the alcohol, the solid was washed with cold water and extracted with hot water to give, 
on cooling, very pale yellow needle clusters of 2-amino-3-methylquinoxaline, m. p. 163—165° (6-4 g., 
54%) (Found: C, 68-2; H, 6:1; N, 25-9. C,H,N; requires C, 67-9; H, 5-7; N, 264%). The base can 
be sublimed in a vacuum and is moderately soluble in organic solvents, but sparingly soluble in hot 
carbon tetrachloride and in light petroleum. 

3-Nitro-o-toluidine was prepared by nitration of aceto-o-toluidide by Cohen and Dakin’s method 
(J., 1901, 79, 1127), but the hydrolysis of the resulting mixed nitroacetotoluidides and separation of the 
3-nitro- and 5-nitro-o-toluidines was carried out according to Gabriel and Thieme (Ber., 1919, 52, 1080). 
This gave yields of 45—66% of 3-nitro- and 27—15% of 5-nitro-base. 

5- and 8-Methylalloxazines.—Concentrated hydrochloric acid (730 c.c.) was cautiously added during 
1 hour to a suspension of 3-nitro-o-toluidine (66 g.) and iron filings (110 g.) in water (440 c.c.). The 
mixture was heated on the water-bath for 4 hour and filtered hot from unreacted iron, and a hot solution 
of alloxan (70 g.) and boric acid (58 g.) in water (580 c.c.) was added to the filtrate. Within a few minutes 
a yellow precipitate separated; after 1 hour’s heating on the water-bath, water (4 1.) was added, and the 

ellowish-green mixture of 5- and 8-methylalloxazines (decomp. 315—325°; 50 g., 50%) filtered off. 

hese were separated by fractional crystallisation from acetic acid; the less soluble fractions yielded 
8-methylalloxazine, m. p. 298° (Found: C, 57-1; H, 3-78; N, 23-5. Calc. for C,,H,O,N,: C, 57-8; 
H, 3-53; N, 24-56%) (cf. Karrer and Musante, Helv. Chim. Acta, 1935, 18, 1140), and from the more 
soluble fractions there was obtained 5-methylalloxazine, decomp. 332° (Found: C, 57-7; H, 3-73; N, 
23-7%). The latter is contaminated with a small proportion of its 8-isomeride, since on treatment with 
concentrated sulphuric acid (see below) it gave a small amount of 2-amino-8-methylquinoxaline together 
with the main product, 2-amino-5-methylquinoxaline. 

2-A mino-8-methylquinoxaline.—8-Methylalloxazine (2 g.) was treated with concentrated sulphuric 
acid (14 c.c.) at 230-—240° for 10 mins.; the solution was poured into water, made alkaline with sodium 
hydroxide, and the product isolated by continous extraction with ether. After recrystallisation from 
light petroleum (b. p. 60—80°) 2-amino-8-methylquinoxaline was obtained in very pale yellow crystals, 
m. p. 129° (Found: C, 67-2; H, 5-9; N, 26-9. C,H,N, requires C, 67-9; H, 5-7; N, 26-4%). The 
base is soluble in organic solvents and can be sublimed. 

2-A mino-5-methylquinoxaline.—(a) The mixed crude 5- and 8-methylalloxazines (37 g.) were treated 
as above with concentrated sulphuric acid. The residue from the ethereal extracts was recrystallised 
from benzene to yield very pale yellow crystals of 2-amino-5-methylquinoxaline, m. p. 201—202°, identical 
with that obtained in (b) (Found: C, 67-9; H, 5-9; N, 25-7%). 2-Amino-8-methylquinoxaline was 
obtained from the more soluble benzene fractions and purified by recrystallisation from light petroleum. 
The total yield of 2-amino-5- and -8-methylquinoxalines was 4-0 g. (16%). 

(b) A solution (50 c.c.) of dry ammonia in absolute alcohol, saturated at 0°, and 2-chloro-5-methyl- 
quinoxaline (see below; 3 g.) were heated in an autoclave at 145—160° for 15 hours. After evaporation, 
the residue was extracted with hot light petroleum, and the insoluble portion recrystallised from benzene 
to yield 2-amino-5-methylquinoxaline, m. p. 202° (1-0 g.), identical with that from (a) above. 

2-Chloro-5-methylquinoxaline.—2-Hydroxy-5-methylquinoxaline (see below; 5 g.) was heated under 
reflux with phosphorus oxychloride (50 c.c.) for ? hour. The cooled red solution was cautiously poured 
on ice and finally made alkaline to precipitate a solid, which was crystallised from light petroleum or 
sublimed in a vacuum to give colourless needles of 2-chloro-5-methylquinoxaline, m. p. 95° (3-1 g., 56%) 
(Found : C, 60-2; H, 3-78; N, 16-0; Cl, 19-9. C,H,N,Cl requires C, 60-5; H, 3-95; N, 15-7; Cl, 19-9%). 

2-Hydroxy-5-methylquinoxaline.—(a) N-(3-Nitro-o-tolyl)glycine (see below; 5 g.) was treated with 
concentrated hydrochloric acid (25 c.c.) and tin (5 g.). After completion of the reaction on the water- 
bath (1 hr.), the solution was diluted, freed from tin, and finally concentrated, whereupon it became pink 
and deposited a precipitate. Sublimation in a vacuum gave colourless needles of 2-hydroxy-5-methyl- 
quinoxaline, m. p. 286° (Found : C, 67-6; H, 5-1. C,H,ON, requires C, 67-5; H, 5-0%). 
(b) 2-Hydroxy-5-methylquinoxaline-3-carboxylic acid (5 g.; see below) was heated at 230—245° for 
hr. The crude product (3-7 g., 95%) on recrystallising from benzene gave 2-hydroxy-5-methyl- 
quinoxaline, m. p. 286° (Found: C, 67-6; H, 4-9; N, 17-1%), identical with that in (a). This 
quinoxaline is insoluble in water, slightly soluble in acetone and carbon tetrachloride, more soluble in 
alcohol, ether, and ethyl] acetate and crystallises well from benzene. 

N-(3-Nitro-o-tolyl)glycine.—Monobromoacetic acid (47-7 g.; 1 mol.), 3-nitro-o-toluidine (101-7 g.; 
2 mols.), and zinc chloride (9 g.) were heated together at 125—-140° for 3 hours. The red mass, obtained 
after pouring into water, was extracted several times with hot sodium carbonate solution (leaving a 
residue of recovered 3-nitro-o-toluidine); the combined extracts were acidified, and the precipitate 
recrystallised from carbon tetrachloride to give scarlet needles of N-(3-nitro-o-tolyl)glycine, m. p. 135° 
(gas evolution at 175°) (10-5 g-: 15% yield calc. from bromoacetic acid) (Found: C, 51-9; H, 4-79; 
N, 13-1. C,H,,0,N, requires C, 51-4; H, 4-79; N, 13-3%). 

2-Hydroxy-3-carbethoxy-5-methylquinoxaline.—Iron filings (180 g.) were added in portions to a 
suspension of 3-nitro-o-toluidine (100 g.) in concentrated hydrochloric acid (600 c.c.); after completion 
of the reaction on the water-bath (3 hr.), water (600 c.c.) was added, unreacted iron removed, and a 
solution of diethyl mesoxalate monohydrate (100 g.; Org. Synth., Coll. Vol. I, 1941, p. 266) in water 
(800 c.c.) was added. A precipitate formed at once and after one hour on the water-bath it was filtered 
off, washed with water, and dried (101 g., 66%). After recrystallisation from carbon tetrachloride, 
ee eS Oy Bo uinoxaline formed pale yellow needles, m. p. 225° (Found: C, 62:1; 
H, 5-50; N, 12-1. C,,H,,0O,N, requires C, 62-1; H, 5-21; N, 12-1%). The ester is soluble in most 
organic solvents, but is insoluble in light petroleum and in cold water. 
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2-Hydroxy-5-methylquinoxaline-3-carboxylic Acid.—The foregoing ester (105-5 g.) was hydrolysed by 
heating with sodium hydroxide solution (900 c.c. of 10%) on the water-bath for 1 hr. Acidification 
yielded the methyl acid (93 g., 100%), m. p. 230° (with loss of carbon dioxide) (Found : C, 58-8; H, 4-3; 
N, 14-0. C,)9H,O,N, requires C, 58-8; H, 4-0; N, 13-7%). The acid is insoluble or sparingly soluble in 
most organic solvents and crystallises from 50% acetic acid in yellow prisms. 

3 : 5-Dinitro-p-toluidine.—The method of Ullmann and Gross (loc. cit.) was found to be very 
convenient, giving overall yields from p-toluidine of 51% on large batches. It has been confirmed that 
the more usual nitration of aceto-p-toluidide cannot be effected on larger than 20—25 g. batches 
(Niementowski, Ber., 1886, 19, 717; Brady, Day, and Rolt, J., 1922, 121, 527). 

5-A mino-7-methylquinoxaline.—3 : 5-Dinitro-p-toluidine (30 g.) and iron filings (90 g.) were suspended 
in hot alcohol (500 c.c.) and concentrated hydrochloric acid (90 c.c.) was added in small portions. After 
the vigorous reaction had subsided, the mixture was refluxed for one hour, and the alcohol distilled off. 
Addition of sodium carbonate solution and filtration gave an aqueous solution of 3: 4: 5-triamino- 
toluene. Glyoxal bisulphite (40 g.) was added, and the solution heated for one hour on the water-bath ; 
yellow-brown crystals separated within a few minutes and later redissolved. After cooling, the crude 
base was filtered off and extracted with benzene to give 5-amino-7-methylquinoxaline monohydrate (10 g., 
37% overall yield from 3 : 5-dinitro-p-toluidine), yellow needles, m. p. 122° (with steam evolution), 
which after cooling remelt at 103° (Found: C, 61-2; H, 6-22; N, 23-8. C,H,N;,H,O requires C, 61-0; 
H, 6-26; N, 23-7%. Found: loss at 60°/25 mm., 10-0. C,H,N;,H,O requires loss, 10-2%). The 
anhydrous base melts at 103° (Found: C, 67-3; H, 5-9. C,H,N, requires C, 67-9; H, 5-7%); 
on exposure to air it readily reverts to the monohydrate. It is soluble in the common warm organic 
solvents and crystallises in yellow needles from light petroleum or water; it can be sublimed in a 
vacuum. 

2(or 3)-Methyl-6-aminoquinoxaline.—A solution of methylglyoxal (18-4 g.; Riley, Morley, and 
Friend, J., 1932, 1875) in water (70 c.c.) was added to a solution of 1: 2: 4-triaminobenzene 
dihydrochloride (50 g.) in aqueous sodium carbonate solution (10%; 500 c.c.) and heated for } hour on 
the water-bath ; a yellow-green solid was precipitated. This was recrystallised from carbon tetrachloride 
to give the base (19-7 g., 49%) as yellow crystals, m. p. 172°, raised to 173° by passing its benzene solution 
through alumina (Found: C, 68-5; H, 5-90; N, 26-0. C,H,N; requires C, 67-9; H, 5-70; N, 26-4%). 
This base can be sublimed in a vacuum; it is readily soluble in acetone and alcohol, moderately soluble 
in hot benzene and hot water, readily soluble in hot chloroform and ethyl acetate, and very sparingly 
soluble in hot ether. 

5-Nitro-2 : 4-diaminotoluene.—5-Nitro-2 : 4-bisacetamidotoluene (102 g.; Maron and Salsberg, Ber., 
1911, 44, 3004) was heated with concentrated sulphuric acid (204 c.c.) on the water-bath until a clear 
solution resulted (l—2 hours). This was poured on ice-water, made alkaline, and the precipitated 
5-nitro-2 : 4-diaminotoluene, m. p. 152° (41-3 g., 61%), filtered off. 

7-A mino-6-methylquinoxaline.—Sodium hydrosulphite (dithionite) (100 g.) was added to a suspension 
of 5-nitro-2 : 4-diaminotoluene (34-2 g.) in warm 50% alcohol (960 c.c.). After completion of the 
reduction, a solution of glyoxal bisulphite (46-5 g.) in water (700 c.c.) was added, and the whole heated 
on the water-bath for 2 hours. Addition of alkali precipitated 7-amino-6-methylquinoxaline, pale orange 
crystals from benzene, m. p. 194—195° (24-7 g., 76%) (Found: C, 68-1; H, 6-1; N, 25-8. C,H,N, 
requires C, 67-9; H, 5-7; N, 26-4%). The base is readily soluble in cold acetone, alcohol, chloroform, 
and ethyl acetate, soluble in hot benzene, carbon tetrachloride, ether, and water, and insoluble in light 

etroleum. 
, 3 : 5-Dinitro-o-toluidine.—p-Tosyl-o-toluidide (85-6 g.) was heated under reflux with nitric acid 
(240 c.c., 25% w/v) until the solid melted to a red oil and resolidified (12 mins.) ; concentrated nitric 
acid (38 c.c.; to give a 35%w/v solution) was added, and heating continued for 14 hours. After cooling, 
the supernatant liquid was decanted, the residue was ground under water, filtered off, washed free from 
acid (this is essential), and dried to give the crude 3: 5-dinitvo-2-toluene-p-sulphontoluidide (97 g., 
m. p. 145—150°). Recrystallisation from alcohol or benzene gave buff-coloured crystals, m. p. 161—163° 
(Found : C, 48-0; H, 4:3; N, 12-0; S, 9-2. C,,H,,;0,N,S requires C, 47-9; H, 3-7; N, 12-0; S, 9-1%). 

Direct reaction of p-tosyl-o-toluidide with 36% w/v nitric acid gave only a poor yield, while the use 
of 25% nitric acid alone gave mainly 5-nitro-2-p-tosyltoluidide, m. p. 174—175° (lit. m. p. 174°) (Found 
C, 54-6; H, 4-80; N, 9-4; S, 10-3. Calc. forC,,H,,0,N,S: C, 54:9; H, 4-61; N, 9-2; S, 10-5%). 

Hydrolysis of the 3 : 5-dinitro-compound (97 g.) with concentrated sulphuric acid (265 c.c.) at 110° 
for 10 mins. gave 3 : 5-dinitro-o-toluidine (52 g., 81% overall yield) (Found: N, 21-2. Calc. for C,;H,0,N;: 
N, 21-3%), m. p. 211—213°, identical with a sample made by McGookin’s method (loc. cit.). 

7-Amino-5-methylquinoxaline.—3 : 5-Dinitro-o-toluidine (5 g.) was suspended in water (60 c.c.) and 
sodium hydrosulphite (dithionite) (38 g.) added; a vigorous reaction ensued which was finally completed 
on the water-bath. After the mixture had been made just alkaline, glyoxal bisulphite (6-7 g.) in water 
(50 c.c.) was addéd, and the whole heated for 1 hr. on the water-bath. Addition of sodium hydroxide 
solution to the cooled solution precipitated a yellow solid, m. p. 157—160° (1-2 g., 30%). After 
purification of its benzene solution through alumina, 7-amino-5-methylquinoxaline was obtained in yellow 
crystals, m. p. 158—160° (Found: C, 68-2; H, 5-77; N, 25-7. C,H,N, requires C, 67-9; H, 5-69; 
N, 26-4%). It is very soluble in cold acetone and glacial acetic acid, moderately soluble in cold ether 
and ethyl acetate, sparingly soluble in cold benzene and chloroform, and soluble in hot carbon tetra- 
chloride or water. 


The authors thank Messrs. D. Latham and C. J. Keattch for assistance with the experimental work. 
Microanalyses were carried out by Mr. J. McMurray of the Wellcome Chemical Works, Dartford, and by 
Drs. Weiler and Strauss, Oxford. 
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430. Chemistry of the Inter-halogen Compounds. Part I. The Reaction 
of Bromine Trifluoride with Metallic Halides. 


By A. G. SHARPE and H. J. EMEttus. 


Bromine trifluoride converts many metallic chlorides, bromides, and iodides into fluorides. 
Treated with excess of the reagent, the chlorides of potassium, silver, and barium yield the 
bromofiuorides (bromotetrafiuorides) KBrF,, AgBrF,, and BaBr,F,. Indications of the formation 
of other polyhalides of this type have been obtained. 


BroMINE trifluoride was first prepared more than forty years ago (Lebeau, Compt. rend., 1905, 
141, 1015; Prideaux, J., 1906, 89, 316), but few details of its reactions with inorganic compounds 
have been published. A wide range of preliminary experiments with liquid bromine trifluoride 
showed that the compound was highly reactive. The study of its interaction with metallic 
halides is one of the simplest cases, particularly as the possibility of oxyfluoride formation can 
be excluded. The halides of lithium, sodium, potassium, rubidium, czsium, copper, silver, 
calcium, strontium, barium, cadmium, aluminium, thallium, lead, uranous uranium, cobalt, 
and ferric iron have been examined. 

The products of reaction, obtained in each case by treating the halide with excess of bromine 
trifluoride and pumping off the excess volatile material, were of several types. Cadmium iodide 
and lithium chloride, typical halides of elements of constant valency, gave the corresponding 
fluorides, which were not appreciably soluble in liquid bromine trifluoride. Anhydrous 
aluminium and ferric chlorides reacted similarly, but only very slowly and incompletely. 
Cuprous, thallous, plumbous, and cobaltous chlorides, and plumbous bromide, halides of 
elements of variable valency, gave mixtures of the lower and the higher fluorides, which were 
also not noticeably soluble in bromine trifluoride. Probably coating effects prevented complete 
conversion into the higher fluoride. Uranium tetrafluoride was completely converted into 
the volatile hexafluoride, and similar complete conversion will probably be fourid for halides of 
other elements, e¢.g., vanadium, molybdenum, and tungsten, which form volatile highest 
fluorides. The chlorides of potassium, silver, and barium reacted with bromine trifluoride in the 
normal manner, free chlorine and bromine being formed (e.g., 3KCl + BrF,; = 3KF + Br + 3Cl), 
but part of the excess bromine trifluoride was not removable in a high vacuum. Compounds 
having the respective empirical formule KBrF,, AgBrF,, and Ba(BrF,), were formed; their 
nature is discussed below. 

Potassium bromofiuoride (bromotetrafluoride), KBrF,, the most closely studied of the new 
compounds, is a white crystalline solid which loses bromine trifluoride on heating, the more 
electronegative halogen remaining with the metal. This parallels the thermal decomposition of 
potassium iodochloride, KICl, (Caglioti and Centola, Gazzetta, 1933, 63, 907), and rubidium 
monofluorotrichloroiodide, RbFICI, (Booth, Swinehart, and Morris, J. Amer. Chem. Soc., 1932, 
54, 2561), to potassium chloride and rubidium fluoride, respectively. When heated in a 
platinum crucible, the crucible is attacked by potassium bromofluoride and addition of water 
to the solid product results in the deposition of the sparingly soluble potassium hexafluoro- 
platinate, a method of preparation which is probably more convenient than that of Schlesinger 
and Tapley (ibid., 1924, 46, 276) involving the action of the complex fluoride 3KF,HF,PbF, 
on platinum, and the subsequent removal of lead. 

With water, potassium bromofluoride decomposes rapidly, but much less violently than 
bromine trifluoride. The products are bromine, bromic acid, hydrofluoric acid, and oxygen. 
The first stage of the reaction is probably BrF,- + 2H,O —» HBrO, + 3H*+ + 4F- (cf. 
BrF, + 2H,O —> HBrO, + 3H*+ + 3F), followed by decomposition of the bromous acid to 
bromine, bromic acid, and oxygen. Further reactions of bromofluorides, expecially as 
fluorinating agents, are being studied in detail. . 

The proposed formulation of the polyhalide as K*(BrF,)~ is supported by analogy with 
KICl,, shown by Mooney (Z. Krist., 1938, 98, 377) to contain K+ and planar ICl,- ions. Powder 
X-ray photographs of KBrF, show no lines due to potassium fluoride, but instead an entirely 
different set of lines. There are great differences in reactivity between potassium bromofluoride 
and bromine trifluoride. The latter, for example, reacts vigorously with carbon tetrachloride 
and explodes with acetone or dioxan, whereas the potassium compound neither reacts nor 
dissolves. Even boiling bromine trifluoride (b. p. 128°) has no action on platinum, which the 
potassium compound attacks readily on heating. The reactivity of the silver and barium 
compounds is rather greater, perhaps because the bromine trifluoride dissociation pressures of 
these compounds are greater than that of the potassium salt. They do not react with carbon 
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tetrachloride, but ignite ethyl ether, acetone, dioxan, and petrol. The existence of a silver 
polyhalide but not of a corresponding thallous compound is interesting in that the existence of 
silver tri-iodide (Schmidt, Z. anorg. Chem., 1895, 9, 418) is rather doubtful, whereas thallous 
tri-iodide (Wells and Penfield, Z. anorg. Chem. 1894, 6, 312) is well characterised, being 
isomorphous with the tri-iodides of rubidium and czesium. The final point supporting the 
existence of the bromofluoride ion (BrF,)- is the combination of two such units with the 
invariably bivalent barium ion. 

The (BrF,)~ ion may also be invoked to explain the electrical conductivity observed in pure 
liquid bromine trifluoride (unpublished observations by A. A. Banks and A. Woolf). The 
specific conductivity is 8 x 10° at 25°, and may perhaps be explained by the existence in the 
solid and liquid of ions BrF,* and BrF,~. Chlorine trifluoride, which apparently does not form 
polyhalides analogous to KBrF, and KICl,, has zero conductivity in the liquid state; iodine 
pentafluoride has a much lower conductivity (« = approx. 10-5 at 25°). Solutions of potassium 
fluoride in bromine trifluoride are better conductors than the pure solvent. 

If it is assumed that the BrF,~ ion has a configuration similar to that of ICl,~, and the 
covalent radii for bromine and fluorine are 1°14 a. and 0°64 a., respectively, the Br—F distance 
should be 1°8 a. and the ion would therefore be considerably smaller than the ICI,~ ion, in which 
the I-Cl distance is 2°34 a. 

The existence of bromofluorides other than those of potassium, silver, and barium is extremely 
likely, but the possibility of isolating them in a pure state by the technique of pumping off 
bromine trifluoride will depend on the dissociation pressures of the compounds; and no solvent 
suitable for the recrystallisation of bromofluorides or for the separation of mixtures of fluoride 
and bromofluoride has yet been found. The chlorides of sodium, rubidium, cesium, calcium, 
and strontium are rapidly converted by bromine trifluoride into fluorides, soluble, like those of 
potassium, silver, and barium, in excess of the reagent; and although the ratios of bromine 
trifluoride to metallic fluoride in the solid products obtained are other than 1: 1 and 2: 1, there 
is ample evidence for some sort of compound formation. Formation of lattice compounds 
containing fluoride and bromofluoride ions, as well as of mixtures, is possible, and a further 
study of these products by X-ray methods and the measurement of dissociation pressures may 
elucidate this point. 

Iodine pentafluoride is a much less vigorous fluorinating agent than the bromine compound, 
but preliminary experiments have shown that it dissolves potassium fluoride and probably forms 
a compound KIF,. Chlorine trifluoride, on the other hand, converts other halides into fluorides 
only, e.g., potassium bromide and silver chloride yield potassium fluoride and silver bifluoride 
respectively, and no evidence for compound formation between chlorine trifluoride and metallic 
fluorides has been obtained. 


EXPERIMENTAL. 


Bromine trifluoride was prepared by a method similar to that of Ruff and Braida (Z. anorg. Chem., 
1932, 206, 62). Reaction between bromine vapour, carried in a stream of nitrogen, and fluorine took 
lace in a copper T-tube; the product was collected in a copper trap cooled by immersion in water. 
he crude bromine trifluoride was purified by distillation in a steel retort, the fraction boiling at 126—128° 
being collected separately and stored in a steel bottle stoppered by a screw-on steel cap. Immediately 
before use, the reagent was redistilled in quartz under reduced pressure at room temperature in order to 
free it from small quantities of ferric fluoride produced by slight attack on the containing vessel. 
Reactions were carried out by slow addition of a large excess of bromine trifluoride to the halide in a 
quartz flask. When the reaction (if any) had subsided, the flask and its contents were heated to approx. 
120° for a few minutes, and allowed to cool. The flask was then connected by a quartz trap cooled in 
liquid air to a simple vacuum line. The excess of bromine trifluoride was pumped off in a vacuum, 
without external heating, and condensed in the trap; distillation was continued until a very nearly 
constant weight was attained. In such a series of operations the loss in weight of the quartz reaction 
vessel was negligibly small (about 0-01%—a few mg. on 30 g.) so long as the apparatus was quite dry, 
and the formation of hydrogen fluoride thereby avoided. As a lubricant for ground joints, a very thin 
film of silicone vacuum grease was used; in bulk, this reacts explosively with bromine trifluoride, and 
the amount used was kept at the absolute minimum consistent with maintenance of a vacuum. 
Potassium Bromofiuoride po seepage oar cay. .—Approx. 0-5 g. of dried A.R. potassium chloride was 
caused to react as described above; chlorine was evolved. Values obtained for the conversion factor 
KCl : product indicated an equivalent weight of 193 (KBrF, requires 195). The product was analysed for 
(i) potassium, by exposure to moist air, followed by conversion into sulphate; (ii) bromine, by decom- 
position in a stoppered bottle with dilute ammonia, reduction with sulphur dioxide, and precipitation as 
silver bromide; (iii) fluorine, by decomposition with dilute ammonia and estimation as calcium fluoride 
(Treadwell and Hall, ‘‘ Analytical Chemistry,” Vol. II, 9th English edtn., p. 397) (Found: K, 20-7; Br, 
39-5; F, 39-7. KBrF, requires K, 20-0; Br, 41-0; F, 39-0%). Discrepancy with calculated results is 
attributed to the presence of about 2% of potassium fluoride in the product. The compound was also 
prepared by direct combination of potassium fluoride and bromine trifluoride; the simple halide dissolved 
with no sign of reaction beyond a slight evolution of heat. The ratios found for KF: BrF, in two 
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preparations were 1-00 : 0-98 and 1-00: 0-99. With potassium bromide and iodide vigorous reactions 
took place, clouds of bromine being evolved in the former reaction; most of the iodine from the iodide 
appeared to be fluorinated before it escaped. In each case the product was qualitatively identical with 
that obtained from the chloride or fluoride, but the reactions were too violent, and attack on the reaction 
vessel too marked, for quantitative study. 

Silver Bromofluoride (Bromotetrafluoride).—This compound was prepared by treating either argentous 
fluoride or chloride with bromine trifluoride. The fluoride dissolved without any sign of reaction; 
chlorine was liberated from the chloride. The product after excess of reagent had been pumped off 
was white, and coulc therefore have contained no significant quantity of argentic fluoride, which 
is black. Gravimetric conversion factors from argentous fluoride and chloride indicated equivalent 
weights of 259 and 262 respectively (AgBrF, requires 264). 

ecomposition with sulphurous acid reduced all the bromine to bromide, and after addition of a 
slight excess of silver nitrate solution and acidification with nitric acid, silver bromide equivalent to 
bromine in the compound was filtered off and weighed. For the determination of silver and fluorine, a 
fresh sample was decomposed with sodium carbonate solution containing a little potassium bromide; 
the solution was made weakly acid with nitric acid, and silver bromide, this time equivalent to silver, 
was filtered off; fluoride was determined in the filtrate by the method cited above. The use of sulphur 
dioxide was avoided in order to prevent co-precipitation of calcium sulphate with calcium fluoride 
(Found: Ag, 40-6; Br, 30-0; F, 27-3. AgBrF, requires Ag, 40-9; Br, 30-3; F, 28-0%). 

Barium Bromofluoride (Bromotetrafiuoride).—This salt was prepared in the same way, by treatin 
anhydrous barium chloride with bromine trifluoride. The weight equivalent to BaCl, was 445 (duplicate) 
(BaBr,F, requires 449). Barium was determined by conversion into fluoride and then into sulphate by 
heating to constant weight with concentrated sulphuric acid. Decomposition with sodium carbonate 
solution, removal of all barium as carbonate, and reduction by sulphur dioxide solution was followed by 
precipitation of the bromine as silver bromide. Barium fluoride is somewhat soluble in water, and for 
the determination of fluorine the barium bromofluoride was decomposed by dilute ammonia, and then 
sufficient water was added to dissolve all the barium fluoride; barium was precipitated as carbonate, and 
fluoride estimated (as above) in the filtrate (Found: Ba, 32-1; Br, 35-2; F, 31-2. BaBr,F, requires 
Ba, 30-5; Br, 35-7; F, 33-9%). Attempts to prepare barium bromofluoride from barium fluoride gave 
products of approximate composition BaF,,0-9BrF, and BaF,,1-1BrF, in successive experiments; 
their nature is still being investigated; it is considered most likely that they are mixtures of roughly 
equal quantities of BaF, and Ba(BrF,),. 

Reaction of Bromine Trifluoride with Other Metal Halides.—Lithium chloride gave lithium fluoride, 
containing only a trace of chlorine or bromine. Lithium fluoride was not appreciably soluble in bromine 
trifluoride and was recovered unchanged in weight and free from bromine. Cadmium iodide yielded 
pure cadmium fluoride. When sodium chloride was treated in a platinum crucible, and excess of the 
reagent removed by gentle heating, the residue was sodium fluoride (Found: Na, 54-4; F, 44-8; 
Cl, Br, nil; equiv., 41-8. Calc. for NaF: Na, 54:7; F, 45-39%; equiv., 42-0). When, however, the 
reaction was carried out as in the preparation of potassium bromofluoride, products of widely variable 
composition containing sodium, bromine, and fluorine resulted. Sodium bromide and iodide reacted 
similarly. Sodium fluoride dissolved in bromine trifluoride and a product NaF,0-97BrF, was obtained. 
This was probably impure sodium bromofluoride, NaBrF,. It was insoluble in, and did not react with, 
organic solvents; it oxidised potassium iodide solution with the formation of considerably less than 
the expected quantity of free iodine. This compound was rapidly decomposed to sodium fluoride and 
bromine trifluoride at 80°. Comparison of the % losses in weight by the sodium and potassium compounds 
on heating 0-5-g. samples for 5 mins. at 200° illustrates the much lower stability of the former: the 
potassium compound lost only 30% by weight, but the sodium compound was completely decomposed 
into sodium fluoride. Calcium, cesium, and rubidium chlorides, and calcium and strontium fluorides, 
gave ill-defined products, the bromine content of which varied with the temperature and time of 
evacuation. Here again it is highly probable that unstable compounds were formed, and that retention 
of bromine trifluoride was not mechanical, for though stoicheiometrically indefinite, the products 
possessed the same degree of reactivity as the definite bromofluorides. The high reactivity of bromine 
trifluoride and the considerable reactivity of the polyhalides make the quantitative study of loss of bromine 
trifluoride from them rather complicated, but suitable techniques are being developed. The indications 
so far are that bromofluorides of varying stability are formed only by the alkali metals (excluding 
lithium), the alkaline earths, and silver. This is borne out by further tests with other metal halides, 
which are described briefly below. 

Cuprous chloride reacted vigorously to give a reagent-insoluble mixture of cuprous and cupric 
fluorides; in one experiment 70% of the copper was shown by an iodometric determination to be in the 
cupric state. Thallous chloride was converted into an insoluble mixture of thallous and thallic fluorides, 
analysis showing 80—90% of thallium in the product to be in the tervalent state. Lead fluoride, 
chloride, and bromide gave products containing up to 20% of the tetrafluoride (von Wartenburg, Z. 
anorg. Chem., 1940, 244, 337). A similar result was obtained with cobaltous chloride, the product 
consisting mainly of cobaltic fluoride. Aluminium and ferric chlorides were converted slowly into their 
respective fluorides; there was no evidence of bromine trifluoride retention. In all these instances the 
insolubility of the fluorides presumably restricted the conversion, for uranous fluoride was rapidly and 
quantitatively converted into the hexafluoride (which volatilised as it was formed), and no visible 
residue remained. Ammonium fluoride and chloride both reacted explosively with bromine trifluoride. 

Reactions of Potassium, Silver, and Barium Bromofluorides.—The dissociation pressure of potassium 
bromofiuoride at room temperature is very small, for a 1-l-g. sample kept in a silica flask connected to a 
vacuum line lost only 0-5% by weight in 6 hours. Decomposition is rapid only above 280°. In contact 
with glass, the compound is slowly decomposed with the liberation of bromine. Potassium bromo- 
fluoride decomposes rapidly with water, but the reaction is not violent like that of bromine trifluoride. 
Shaken with potassium iodide solution, it liberates iodine immediately, but neither in neutral nor in acid 
solution does the iodine liberation correspond with the expected 4 equivs. per g.-mol. of the salt; the 
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values obtained varied from 2-5 to 3-5. Since both fluorine and bromine are recovered quantitatively 
in the analysis of potassium bromofluoride involving its initial decomposition by water, this loss of 
oxidising power cannot be due to the formation of fluorine monoxide and must be due to the liberation 
of oxygen. This has been confirmed qualitatively. Free bromine, as well as oxygen, is formed on 
treating the bromofluoride with water, and a stable bromine oxyacid which is not reduced by ammonia 
(bromic acid) remains in solution; it is suggested that these are all decomposition products of bromous 
acid. The reactions of silver and barium bromofluorides with water were shown to be qualitatively 
similar to that of the potassium compound. 

X-Ray powder photographs of samples of several preparations of potassium bromofluoride sealed 
in Pyrex tubes were taken, Cu-Ka radiation being used. The salt showed slight local decomposition in 
the X-ray beam, but lines due to potassium fluoride were completely absent from the photographs. 
The method is being applied to the more detailed study of the bromofluorides prepared, as well as to 
the elucidation of the nature of the more complex products referred to above. 

en the potassium compound was heated to ca. 280° in a platinum crucible, the metal was strongly 
attacked with the formation of a brown product. Taking the loss in weight of the crucible as a measure 
of the platinum used, quantitative figures obtained are consistent with the conversion of platinum into 
the tetrafluoride and decomposition of the bromofluoride to fluoride; the solid reaction products contained 
no bromine. 1-507 G. of KBrF, reacted with 0-579 g. of Pt, equivalent to 0-804 g. of PtF,. The total 
weight of solid products was 1-253 g., hence the weight of KF was 1-253 — 0-804 = 0-449 g. The 
weight, assuming conversion of KBrF, into KF, should be 0-448 g. The reaction product was left in 
contact with water for a week, during which time potassium fluoroplatinate crystallised. After recrystal- 
lisation from boiling water this was analysed for platinum by heating to constant weight at 1400° 
(Schlesinger and Tapley, Joc. cit.) (Found: Pt, 50-4, 49-9. Calc. for K,PtF,: Pt, 50-2%). The 
observations of Schlesinger and Tapley on the impossibility of quantitatively reducing platinum 
compounds in fluoride-containing solution were extended by an unsuccessful attempt to determine the 
metal by reduction with magnesium ribbon (Found: Pt 46-8%). 


One of the authors is indebted to Imperial Chemical Industries Ltd. (General Chemicals Division) for 
a maintenance grant. 
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431. The Structure of Ginkgetin. Part I. Synthesis of 
5 : 8-Dihydroxy-4'-methoxy flavone. 


By WItson BakeEr and G. F. FLEMons. 


5 : 8-Dihydroxy-4’-methoxyflavone (I) has been synthesised, and is not identical with 
ginkgetin, thus confirming the earlier suggestion that the latter is a flavone of more complex 
nature. The synthesis was achieved via 2: 3-dihydroxy-6-methoxyacetophenone (III), 
new methods for the preparation of which have been developed. 


THE yellow phenolic colouring matter of the autumnal leaves of the maidenhair tree (Ginkgo 
biloba, L.), since termed ginkgetin, was first investigated by Furukawa (Sci. Papers Inst. Phys. 
Chem. Res. Tokyo, 1932, 19, 27; 1933, 21, 278) who suggested on somewhat inconclusive evidence 
that it was probably 5: 8-dihydroxy-4’-methoxyflavone (I). The synthesis of a number of 
derivatives of 5:8: 4’-trihydroxyflavone and comparison with the corresponding derivatives 
of the natural pigment showed, however, that it was most unlikely that ginkgetin could be 
the simple flavone (I), but was almost certainly a more complex, closely related compound of 
higher molecular weight (Baker and Simmonds, J., 1940, 1370). 

This conclusion has now been confirmed by the synthesis of 5 : 8-dihydroxy-4’-methoxyflavone 
(I) (m. p. 215°, decomp.), which is clearly not identical with ginkgetin (m. p. 238—240°, Furu- 
kawa), but nevertheless bears a very close resemblance to it. Both substances give stable, 
green colorations with alcoholic ferric chloride, and (I) therefore affords an example of a quinol 
derivative exhibiting a reaction usually regarded as characteristic of a 1 : 2-dihydroxybenzene 
(other cases are 3 : 6-dihydroxy-2-methoxyacetophenone and primetin, 5 : 8-dihydroxyflavone ; 
see Baker, J., 1939, 956). The investigation of ginkgetin itself is in progress. 
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The intermediate required for the synthesis of 5: 8-dihydroxy-4’-methoxyflavone (I) is 
2 : 3-dihydroxy-6-methoxyacetophenone (III) which has been prepared by Nakazawa (J. Pharm. 
Soc. Japan, 1939, 59, 199; see Chem. Abs., 1940, 34, 1017) by formylation of 2-hydroxy-6- 
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methoxyacetophenone under the conditions of the Gattermann reaction to give 2-hydroxy- 
6-methoxy-3-formylacetophenone (IV), and oxidising this with hydrogen peroxide in presence 
of one equivalent of alkali (process a). A considerably improved formylation process is now 
described, but we find that the aldehyde (IV), whether prepared by Nakazawa’s method (zinc 
cyanide) or by the improved process (hydrogen cyanide), is bright yellow, whereas Nakazawa 
describes it as colourless, though we agree as to its melting point. In view, however, of the 
fact that the aldehyde (IV) possesses a nuclear acetyl group, it was thought possible that it 
might have undergone intermolecular condensation to a chalkone which would undoubtedly 
be yellow, but this was excluded by the analysis and molecular weight, and by the ready 
oxidation in good yield to 2: 3-dihydroxy-6-methoxyacetophenone (III), the structure of 
which has been established by four further independent synthetical methods (see below). An 
attempt was made to prepare the chalkone from the aldehydic acetophenone (IV), but the 
compound was, rather remarkably, recovered unchanged after treatment with alcoholic potassium 
hydroxide. It was noted, however, that the aldehyde undergoes change on keeping or pro- 
longed drying, the carbon content slowly increases by several units %, the colour tends to 
deepen, the melting point falls slightly, and the material then shows signs of non-homogeneity 
and gives a yellow colour with boric and citric acids in acetone, a test which is supposed to be 


diagnostic for the grouping _¢(OH)-C-COo-c=¢- (Wilson, J. Amer. Chem. Soc., 1939, 61, 
2303; Wolfram, Mayhan, Morgan, and Johnson, ibid., 1941, 63, 1248). It may be noted that 
the position of the formyl] group in (IV) is established by the facts that (1) the related dihydroxy- 
compound (III) prepared from it by the Dakin reaction shows the colour and expected properties 
of a 2: 3-dihydroxy-carbonyl compound (see Baker, J., 1934, 1688; Baker and Smith, /., 
1936, 346), and (2) the flavone ultimately synthesised is methylated to 5: 8 : 4’-trimethoxy- 
flavone (II; R = Me) and not the isomeric 5 : 6: 4’-trimethoxyflavone. An attempt to pre- 
pare 2: 6-dihydroxy-3-formylacetophenone by treating $-resorcylaldehyde with acetonitrile 
under the conditions of the Hoesch reaction led to the production of dark, intractable material. 
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The alternative syntheses of 2 : 3-dihydroxy-6-methoxyacetophenone (III) are the following. 
(b) From 3: 6-dihydroxy-2-benzyloxyacetophenone (V). The ketone (V) (Baker, Brown, and 
Scott, J., 1939, 1924) was benzylated to 6-hydroxy-2 : 3-dibenzyloxyacetophenone (VI), the free 
hydroxyl group in (VI) methylated with production of 2 : 3-dibenzyloxy-6-methoxyacetophenone 
(VII), and the benzyl groups removed by hydrolysis with hydrochloric acid giving (III). 
(c) From 2 : 6-dihydroxyacetophenone (VIII). Baker, Brown, and Scott (loc. cit.) oxidised the 
acetophenone (VIII) with alkaline potassium persulphate, and hydrolysed the resulting solution 
of the potassium phenyl sulphate derivative (IX) to 2:3: 6-trihydroxyacetophenone. The 
intermediate (IX) has now been monomethylated in alkaline solution to (X), and removal of 
the sulphato-group by acid hydrolysis gave 2 : 3-dihydroxy-6-methoxyacetophenone (III). 
This method is a general one for the preparation of quinol monoalkyl ethers of known orient- 
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ation, and is described by Baker and Brown elsewhere (j., in the press). (d) From 2: 4-di- 
acetylresorcinol (XI). 2: 4-Diacetylresorcinol (XI) was monomethylated to 2-hydroxy-4- 
methoxy-3-acetylacetophenone (XII), and (XII) was then oxidised by hydrogen peroxide under 
the conditions of the Dakin reaction, giving (III). (e) From 2: 5-dihydroxyacetophenone. Mono- 
benzylation of 2: 5-dihydroxyacetophenone gave 2-hydvoxy-5-benzyloxyacetophenone (XIII), 
methylation then yielded 5-benzyloxy-2-methoxyacetophenone (XIV), and debenzylation then 
gave 5-hydroxy-2-methoxyacetophenone (XV). Reactivity in (XV) was expected to be exhibited 
in position 6 by analogy with the behaviour of its O-allyl ether (Baker and Lothian, /., 1936, 
276), and oxidation of (XV) by alkaline potassium persulphate gave directly 2 : 3-dihydroxy- 
6-methoxyacetophenone (III) as the sole isolable product. As with other such persulphate 
oxidations involving the introduction of a new hydroxyl group into the ortho-position of a 
phenol, the yield was very poor (see Baker and Brown, /oc. cit.). Of the five separate methods 
used for the preparation of (III), probably the most convenient is route (a), which has been 
studied in some detail and involves seven steps from resorcinol, some of which are tedious; 
route (d), requiring five steps from resorcinol, is potentially much simpler but involves the 
separation of pure 2 : 4-diacetylresorcinol from 4 : 6-diacetylresorcinol, which has not yet been 
satisfactorily achieved in a simple manner. 

Fusion of (III) with anisic anhydride and sodium anisate, and alkaline hydrolysis of the 
product gave 8-hydroxy-5 : 4’-dimethoxyflavone (II; R = H) in poor yield; most of the 
material used in this investigation was prepared in this manner. A somewhat improved yield 
of (II; R = H) may be obtained by isolation of the intermediate 8-anisoyloxy-5 : 4’-dimethoxy- 
flavone (II; R = anisoyl), and removal of the anisoyl group with aqueous-alcoholic hydro- 
chloric acid. No improvement was effected in the fusion process by substituting 2 : 3-dianisoyl- 
oxy-6-methoxyacetophenone for (III), and only a minute yield of (II; R = H) was obtained 
by treatment of the same compound with sodamide in benzene to cause molecular rearrange- 
ment to the corresponding 1 : 3-diketone, followed by ring closure and hydrolysis (Baker, /., 
1933, 1381). Methylation of 8-hydroxy-5 : 4’-dimethoxyflavone (II; R = H) gave 5:8: 4’- 
trimethoxyflavone (II; R = Me) identical with that previously prepared in another manner 
by Baker and Simmonds (j., 1940, 1373). Partial demethylation of (II; R= H) with 
anhydrous aluminium chloride in nitrobenzene gave the desired 5 : 8-dihydroxy-4’-methoxy- 
flavone (I), characterised as its diacetyl derivative. The preparation of the flavone (II; R = H) 
from (III) is unexpectedly difficult; the yields are very small, and the products difficult to 
obtain pure. 

An attempt was made to prepare 6-hydroxy-2-anisoyloxyacetophenone, a possible inter- 
mediate in a synthesis of (I). Molecular quantities of 2 : 6-dihydroxyacetophenone and anisoyl 
chloride in pyridine gave a mixture of 2: 6-dianisoyloxyacetophenone and the monoanisoyl 
derivative which could not be effectively separated; the latter compound is rapidly hydrolysed 
by cold n/1-sodium hydroxide solution, and could not be prepared by the Baumann-—Schotten 
technique. 


EXPERIMENTAL. 


2-Hydroxy-6-methoxy-3-formylacetophenone (2-Hydroxy-4-methoxy-3-acetylbenzaldehyde) (IV).—The 
formylation in 36% yield of 2-hydroxy-6-methoxyacetophenone by the Gattermann reaction using zinc 
cyanide has been described by Nakazawa (loc. cit.), but we find that the reaction proceeds much more 
cleanly in 68% yield by the use of anhydrous hydrogen cyanide in presence of aluminium chloride. 

To a solution of anhydrous aluminium chloride (3-5 g.) in dry ether (25 c.c.), cooled in an ice-salt 
bath, was added 2-hydroxy-6-methoxyacetophenone (4:15 g.; Baker, J., 1939, 959), and anhydrous 
hydrogen cyanide (3-5 c.c.), and hydrogen chloride was passed in for 1? hours at 0°. After 18 hours 
at room temperature dry ether was added till no further precipitation occurred, the ether decanted, 
the residue washed twice with ether, cooled to 0°, and treated with water (25 c.c.). Hydrolysis of 
the aldimine was effected by heating on the water-bath for 15 minutes, the crude aldehyde extracted 
with chloroform, and after removal of the solvent the product was ground with silver sand and extracted 
continuously with light petroleum (b. p. 60—80°) at the b. p. of the solvent for many hours until the 
extract became colourless. The extracted material was recrystallised from ethyl alcohol, giving pure 
2-hydroxy-6-methoxy-3-formylacetophenone as bright yellow needles (3-3 g.), m. p. 89° (Found: 
C, 62:0; H, 5-3. Calc. for CygH,,O,: C, 61-9; H, 5-2%). Nakazawa (loc. cit.) describes the com- 
pound as colourless prisms, m. p. 89-5°, but we have been quite unable to bring about any loss of colour. 
It gives a brownish-red coloration with alcoholic ferric chloride. 

2 : 3-Dihydroxy-6-methoxyacetophenone (III).—(a) From 2-hydroxy-6-methoxy-3-formylacetophenone 
he The oxidation of (IV) by the Dakin reaction was effected in 65% yield in N/l-sodium hydroxide 

1 mol.) with 3% hydrogen peroxide (1-1 mols.) after the manner described by Nakazawa (loc. cit.). 
The oxidation cannot be successfully carried out if, as is usual, more than 1 equiv. of alkali is used; 
this modification of the Dakin reaction may find other applications where the normal procedure fails. 
2 : 3-Dihydroxy-6-methoxyacetophenone forms bright yellow needles from aqueous acetone, m. p. 
147—148° (Found: C, 59-2; H, 5-5. Calc. for C,H,,0,: C, 59-3; H, 5-5%). It gives a very strong 
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green ferric chloride reaction in alcoholic solution, but unlike other 2 : 3-dihydroxyacetophenones it 
gives no precipitate in dilute alcoholic solution with neutral lead acetate. 

(b) From 2 : 3-dibenzyloxy-6-methoxyacetophenone (VII) (see below). Debenzylation of (VII) (0-1 g.) 
was effected by heating in glacial acetic acid (2 c.c.) and concentrated hydrochloric acid (1 c.c.) for 
1 hour at 60°. The product, isolated by dilution and extraction with ether, was crystallised from 
ethyl acetate at a low temperature, giving a yellow, microcrystalline product, m. p. 145—146°, showing 
no depression of m. p. when mixed with 2 : 3-dihydroxy-6-methoxyacetophenone, m. p. 146—147°, 
prepared by method (a). 

(c) From 2 : 6-dihydroxyacetophenone (VIII) via (IX) and (X). 2: 6-Dihydroxyacetophenone (9 g.; 
1 mol.) in a solution of sodium hydroxide (12 g.; 5 mols.) in water (110 c.c.) was stirred at room tem- 
perature for 4 hours during the addition of a solution of potassium persulphate (17-5 g.; 1-1 mols.) 
in water (400 c.c.). The green solution, after standing overnight, was acidified to Congo-red, filtered 
from red, flocculent material (charcoal), extracted twice with ether, made alkaline to litmus, and 
evaporated to a small bulk (50 c.c.) at 50—60° under diminished pressure. After addition of acetone 
(10 c.c.) the intermediate sulphato-compound was methylated by vigorous shaking for 14 hours with 
portionwise addition of potassium hydroxide (5 g.) in water, (5 c.c.) and methyl sulphate (7-5 g.). 
After standing overnight and addition of water to dissolve the precipitated salts, the solution was acidified 
to Congo-red and extracted with ether, concentrated hydrochloric acid (50 c.c.) was added, and the 
mixture was heated on the steam-bath for 4 hour under a layer of light petroleum (b. p. 60—80°; 
250 c.c.). The hydrolysis and extraction were repeated, and the extracts united and distilled, leaving 
a yellow solid (0-4 g.) which was crystallised from dilute methyl alcohol (charcoal), and then from a 
stnall volume of benzene, being obtained in brownish-yellow prisms, m. p. and mixed m. p. 148—149°. 

(d) From 2-hydvoxy-6-methoxy-3-acetylacetophenone (XII) (see below). To (XII) (0-52 g.; 1 mol.) 
dissolved in N/l-sodium hydroxide (5 c.c.; 2 mols.) was added 3% hydrogen peroxide (6-6 c.c.; 1:15 
mols.). The temperature rapidly rose from 22° to 47° and the solution darkened. After 2 hours’ 
standing, addition of acid precipitated 2 : 3-dihydroxy-6-methoxyacetophenone (III) (0-15 g.; 33% 
yield), m. p. 145—146-5°. e recrystallisation from 50% aqueous acetone gave bright yellow needles, 
m. p. and mixed m. p. 147—148°. 

(e) From 5-hydroxy-2-methoxyacetophenone (XV) (see below). (With Mr. F. GLockiinc.) A 
solution of 5-hydroxy-2-methoxyacetophenone (3 g.; 1 mol.) in water (60 c.c.) containing sodium 
hydroxide (5 g.) was stirred for 5 hours during the addition of a solution of potassium persulphate 
(4-6 g.; 0-95 mol.) in water (150 c.c.). After 48 hours the mixture was made just acid to Congo-red, 
extracted with ether, rendered more strongly acid; and refluxed for 1 hour under a layer of ether 
(100 c.c.) The ether layer was separated, and the process repeated. The united extracts left a brown 
oil which yielded to hot benzene well-crystalline 2 : 3-dihydroxy-6-methoxyacetophenone (III) (40 mg.). 
From dilute acetone it formed yellow needles, m. p. and mixed m. p. 146—148°. 

6-Hydroxy-2 : 3-dibenzyloxyacetophenone (VI) and 2:3: ye ge : 6-Dihydr- 
oxy-2-benzyloxyacetophenone (V) (12-9 g.; 1 mol.; Baker, Brown, and Scott, loc. cit.), anhydrous 
acetone (40 c.c.), anhydrous potassium carbonate (15 g.), and benzyl chloride (7 g.; 1-1 mols.) were 
stirred and refluxed for 10 hours, with the addition of more potassium carbonate (10 g.) after 3 hours. 
The dark product was treated with water (750 c.c.) and 5% sodium hydroxide (100 c.c.), extracted 4 
times with ether, leaving some undissolved tarry material, and the ethereal extracts yielded a deep 
brown syrup which partially crystallised and was pressed on a porous tile. The resulting solid 2:3 : 6- 
tribenzyloxyacetophenone, after several crystallisations from alcohol (charcoal), formed almost colourless 
prisms (0-7 g.), m. p. 110° (Found: C, 79-4; H, 6-1. C,.H,,O, requires C, 79-4; H, 5-9%). 

The yellow alcoholic mother-liquors from the crystallisation of the 2:3: 6-tribenzyloxyaceto- 
phenone after some concentration and cooling in ice deposited crystals which, after recrystallisation 
from alcohol, formed short, canary-yellow prisms (1-65 g.), m. p. 57-5° (Found: C, 75-8; H, 5-7. 
C..HO, requires C, 75-8; H, 5°7%). This 6-hydroxy-2 : 3-dibenzyloxyacetophenone (VI) is quite in- 
soluble in cold aqueous alkalis, but gives an intense green coloration with alcoholic ferric chloride. 

2 : 3-Dibenzyloxy-6-methoxyacetophenone (VII).—The hydroxy-compound (VI) was treated under 
vigorous conditions in acetone with a large excess of 20% aqueous potassium hydroxide and methyl 
sulphate. After dilution with water the precipitated oil was extracted with ether and distilled, giving 
the methoxy-compound as a yellow, very viscous oil, b. p. ca. 220—224° (oil-bath temp.) /0-1 mm. 
(Found: C, 76-2; H, 6-3. C,,;H,.O, requires C, 76-2; H, 6-1%). 

2 : 4-Diacetylresorcinol (XI).—Resacetophenone (Robinson and Shah, J., 1934, 1494) is most con- 
veniently monoacetylated (95% yield) by an application of the technique due to Simokoriyama (Bull. 
Chem. Soc. Japan, 1941, 46, 284). Resacetophenone (97 g.; 1 mol.) was stirred for 4 hour with acetic 
anhydride (330 g.; 5 mols.) and pyridine (3 c.c.), warmed to 45°, cooled, and poured into water (1 1.), 
yielding 4-O-acetylresacetophenone (118 g.), m. p. 75—76°. From this compound (100 g.), a mixture 
(90 g.; m. p. 77—148°) of 2 : 4-diacetylresorcinol (XI) and 4 : 6-diacetylresorcinol was prepared accord- 
ing to Baker (/J., 1934, 1690). The 2: 4-diacetylresorcinol was finally obtained in a purer state than 
previously recorded by repeated crystallisation from methyl alcohol, and then formed fine, very pale 
yellow — m. p. 92° (lit. m. p. 89°) (Found: C, 61-8; H, 5-2. Calc. for CyH,,O,: C, 61-8; 
H, 5-2%). 

2-Hydroxy-6-methoxy-3-acetylacetophenone (XII).—Pure 2: 4-diacetylresorcinol (XI) (m. p. 92°; 
1-21 g.; 1 mol.) was refluxed with dry acetone (15 c.c.), anhydrous potassium carbonate (2-2 g.; 2-5 
mols.) and methyl sulphate (0-65 c.c.; 1-1 mols.) for 8 hours, then diluted, boiled, and acidified. The 
precipitated 2-hydroxy-6-methoxy-3-acetylacetophenone was crystallised twice from alcohol and obtained 
as stout, qutendians prisms (0-65 g.), m. p. 104° (Found: C, 63-7; H, 5-7. C,,H,,O, requires C, 63-5; 
H, 5:8%). The compound gives a brownish-red coloration with alcoholic ferric chloride. 

2-Hydroxy-5-benzyloxyacetophenone (XIII). (With Mr. F. Giocxiinc.)—2 : 5-Dihydroxyaceto- 
phenone (120 g.; m. p. 198—200°) was stirred and refluxed for 10 hours with acetone (600 c.c.), 
anhydrous potassium carbonate (250 g.), and benzyl chloride (110 g.). The filtered liquor was treated 
with charcoal, the acetone distilled off, the residue dissolved in ether, and the ethereal solution shaken 
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with aqueous sodium hydroxide, dried, and distilled finally under diminished pressure to remove un- 
changed benzyl chloride. The residual 2-hydroxy-5-benzyloxyacetophenone, after crystallisation from 
methyl alcohol, formed yellow needles (60 g.), m. p. 69—70° (Found: C, 73-9; H, 5-5. C,,;H,,0, requires 
C, 74-4; H, 58%). It is insoluble in aqueous sodium hydroxide, but gives a dull slate-blue colour 
with alcoholic ferric chloride. 

5-Benzyloxy-2-methoxyacetophenone (XIV). (With Mr. F. Grocxiinc.)—The preceding compound 
(XIII) (50 g.) was vigorously shaken in acetone (200 c.c.) with methyl sulphate (80 c.c.) and a solution 
of potassium hydroxide (150 g.) in water (500 c.c.) for 10 minutes, refluxed for $ hour, and the acetone 
layer separated. The aqueous layer was extracted with ether, the extract added to the acetone layer, 
distilled, and the residual solid mass crystallised from methyl alcohol, giving colourless needles (54 g.). 
For analysis the 5-benzyloxy-2-methoxyacetophenone was crystallised from ethyl alcohol and then from 
light petroleum (b. p. 40—60°); needles, m. p. 56° (Found: C, 74-8; H, 6-1. C,,H,,O, requires C, 
75-0; H, 63%). 

5-Hydroxy-2-methoxyacetophenone (XV). (With Mr. F. Grocxiinc.)—Compound (XIV) (52 g.) 
was treated for 1 hour at 65—70° with acetic acid (300 c.c.) and concentrated hydrochloric acid (120 c.c.), 
poured into water (1 1.), and extracted with ether. The ethereal solution was extracted into aqueous 
sodium hydroxide, and the alkaline layer separated, acidified, and extracted with ether. The extract 
yielded a dark oil which was crystallised first from chloroform (charcoal) and then from water, yielding 
finally 5-hydroxy-2-methoxyacetophenone (10-3 g.) as faintly yellow needles, m. p. 83° after drying in a 
vacuum at 65° (Found: C, 65:3; H, 6-0. C,H,.O, requires C, 65-0; H, 6-0%). It gives no char- 
acteristic coloration with alcoholic ferric chloride. 

8-Hydroxy-5 : 4’-dimethoxyflavone (II; R = H).—2: 3-Dihydroxy-6-methoxyacetophenone (4 g.), 
anisic anhydride (28 g.), and sodium anisate (4 g.) were stirred at 180—190° for 7 hours. The product 
was now dissolved in a mixture of alcohol (200 c.c.) and a little water, refluxed for } hour with an excess 
of 30% aqueous potassium hydroxide, most of the alcohol removed by distillation, and the cold diluted 
solution saturated with carbon dioxide. The dark brown amorphous solid was crystallised first from 
alcohol (600 c.c.) (charcoal), and then twice from glacial acetic acid (40 c.c.), being obtained as thin, 
honey-yellow prisms (0-4 g.), m. p. 267° (Found, in material heated for several hours at 145° in a vacuum 
over potassium hydroxide: C, 67-9; H, 4-6; MeO, 19-3. C,,H,,0, requires C, 68-4; H, 4-7; MeO, 
20-8%). This 8-hydroxy-5 : 4’-dimethoxyflavone tenaciously retains a trace of acetic acid, which can only 
be completely expelled by fusion. 

Acetylation by means of acetic anhydride at the b. p. for 5 hours, concentration and addition of 
water, and crystallisation from alcohol gave a mixture of pale yellow prisms (A), and clusters of fine, 
colourless needles (B). Product (A) (m. p. 171°) is assumed to be 8-acetoxy-5 : 4’-dimethoxyflavone ; 
recrystallisation from alcohol gave colourless needles, m. p. 172° (Found: C, 66-8; H, 5-0. C,,H 4,0, 
requires C, 67-1; H, 4-7%). Product (B), unlike recrystallised (A), becomes yellow on drying at room 
temperature, but it has not been further investigated. 

8-Anisoyloxy-5 : 4’-dimethoxyflavone (II; R = anisoyl).—The fusion product obtained as described 
in the preceding section was treated with a hot mixture of ethyl acetate (200 c.c.) and water (50 c.c.), 
cooled, shaken for } hour with 10% aqueous sodium carbonate (150 c.c.), and the whole filtered:* The 
residual solid was washed successively with aqueous sodium carbonate, water, and ethyl acetate, dried 
(2-3 g.), and crystallised from ethyl acetate (600 c.c.), giving light brown prisms, m. p. 225° (1-48 g.), 
and a further crop (0-46 g.) was obtained from the mother-liquor. Recrystallisation from alcohol 
gave 8-anisoyloxy-5 : 4’-dimethoxyflavone as long, lustrous, cream-coloured needles, which, after drying 
at 145° in a vacuum over phosphoric anhydride, had m. p. 225-5° [Found: C, 69-2; H, 4:7; OMe, 
18-4; M (Rast), 399. C,,;H..O, requires C, 69-4; H, 4:7; OMe, 21:5%; M, 432]. Hydrolysis to 
8-hydroxy-5 : 4’-dimethoxyflavone (II; R = H) was brought about in 72% yield by refluxing for 
12 hours with a large volume of alcohol containing one-third of its volume of concentrated hydrochloric 
acid, the mixture being finally distilled with the addition of water till no further separation of crystals 
occurred. The product, after crystallisation from a very large volume of alcohol, had m. p. 267°, 
undepressed on admixture with the specimen previously descri ded. 

From the ethyl acetate layer above * were obtained by repeated concentration and crystallisation 
(a) 0-36 g. of 8-anisoyloxy-5 : 4’-dimethoxyflavone, m. p. 224-5°, and (b) a more soluble compound 
(0-45 g.) separating from alcohol in fine, pale cream-coloured needles, m. p. 224-5—225°, and at 197— 
204° when mixed with 8-anisoyloxy-5 : 4’-dimethoxyflavone (Found: C, 70-0; H, 4:9; OMe, 22-0. 
C,3H.,.O, requires C, 69-9; H, 4:6; OMe, 21-9%). There can be little doubt that this compound is 
8-anisoyloxy-5 : 4’-dimethoxy-3-anisoylflavone. 

2 : 3-Dianisoyloxy-6-methoxyacetophenone.—To a solution of 2 : 3-dihydroxy-6-methoxyacetophenone 
(3-64 g.; 1 mol.) in anhydrous pyridine (25 c.c.) was added anisoyl chloride (8-6 g.; 2-5 mols.) with 
stirring, and the mixture heated on the water-bath for } hour. Cautious addition of dilute hydrochloric 
acid yielded 2 : 3-dianisoyloxy-6-methoxyacetophenone as a solid which separated from alcohol (400 c.c.) 
in very pale cream-coloured prisms (7-75 g.; 86%); after a further recrystallisation it had m. p. 164-5° 
(Found: C, 66-6; H, 4:9. C,,H,,.O, requires C, 66-7; H, 4-9%). 

5: 8: 4’-Trimethoxyflavone.—8-Hydroxy-5 : 4’-dimethoxyflavone was readily methylated by treat- 
ment with methyl sulphate in aqueous potassium hydroxide. The alkali-insoluble product after 
crystallisation from benzene (charcoal) gave almost colourless prisms, m. p. 162-5° (Found, in material 
dried at 80° in a vacuum: C, 69-4; H, 5-5. Calc. for C,,H,,O,: C, 69-2; H, 5-2%). A specimen of 
5: 8: 4’-trimethoxyflavone, m. p. 161°, prepared by the method of Baker and Simmonds (loc. cit.), 
after crystallisation from alcohol (charcoal) and then benzene had m. p. 162-5°, either alone or when 
mixed with the flavone prepared as above. 

5 : 8-Dihydroxy-4’-methoxyflavone (I).—8-Hydroxy-5 : 4’-dimethoxyflavone (II; R = H) (0-32 g.), 
anhydrous aluminium chloride (0-2 g.), and freshly distilled nitrobenzene (6 c.c.) were heated at 100° 
for 1 hour. To the dark product was added dilute hydrochloric acid, the nitrobenzene removed in 
steam, and the yellow-brown solid collected, washed, and dried. It was crystallised from dilute acetic 
acid (300 c.c.), giving bright yellow prisms, m. p. 215° (decomp.). This flavone tenaciously retained a 
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trace of acetic acid from which it could not be entirely freed (Found, in material dried at 145° in a 
vacuum over potassium hydroxide for 2 hours: C, 64-3; H, 4:1; for 4 hours: C, 65-7; H, 4-3; for 
36 hours: C, 66-1; H, 4:1; OMe, 10-4. C,,;H,O,-OMe requires C, 67-6; H, 4-2; OMe, 10-9%). 
5 : 8-Dihydroxy-4’-methoxyflavone gives a strong green coloration with alcoholic ferric chloride, and 
dissolves in aqueous sodium hydroxide with an orange colour. It does not give a red colour when 
reduced with magnesium and hydrochloric acid, as does ginkgetin. 

The diacetyl derivative, prepared in the usual way, was twice crystallised from alcohol (charcoal) 
and then from benzene, forming aggregates of minute needles, m. p. 230° [Found: C, 64-8; H, 4-4; 
Ac, 28:2. C,,.H,.0,;(OAc), requires C, 65-2; H, 4-3; Ac, 23-3%]. The diacetyl derivative of ginkgetin 
has m. p. 226—228° (Furukawa). 

2 : 6-Dianisoyloxyacetophenone.—2 : 6-Dihydroxyacetophenone (10 g.) in anhydrous pyridine (40 c.c.) 
was slowly treated, whilst being shaken and cooled, with anisoyl chloride (11-2 g.; 1 mol.), and finally 
heated on the water-bath for 20 minutes, cooled, and dilute hydrochloric acid added. The product 

19 g.) which solidified was ground, washed with water, and crystallised several times from alcohol 
100 c.c.), giving a powder, melting at 99—-99-5° to a turbid liquid which cleared at 105°. No effective 
method was found of isolating both constituents of this mixture in the pure state, but the higher-melting 
product, 2 : 6-dianisoyloxyacetophenone, was obtained by crystallisation from benzene-light petroleum 
and then from alcohol, in fine, colourless prisms, m. p. 141° (Found: C, 68-6; H, 4-9. C,,H,,.O, 
requires C, 68-6; H, 4-8%). 


The authors’ thanks are due to Imperial Chemical Industries Ltd. and to the Colston Research 
Society for grants which have defrayed part of the cost of this research, and to Mr. F. Glockling for 
preparing a quantity of 2 : 6-dihydroxyacetophenone. 
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432. Substitution in 3: 4-Dialkylphenols. 
By G. D. PARKEs. 


The coupling of diazonium salts and some 3: 4-dialkylphenols has been investigated and 
the proportions in which reaction takes place, in the 2- and 6-positions respectively, have 
been determined. The results seem to show that the variation in activation energies for 
reaction as either one of the Kekulé structures, shown by Sutton and Pauling to be theoretically 
possible as the result of valency deflexion brought about by fusion of saturated rings on to a 


benzene ring, can also occur as a consequence of steric hindrance between groups in the 
ortho-position to each other. 


THE proportions in which coupling between solutions of diazonium salts and as-o-xylenol (3 : 4-di- 
ethylphenol) takes place in the 2- and 6-positions respectively was investigated by Diepolder 
(Ber., 1909, 42, 2916) who found that coupling occurred to the extent of 83% in the 6-position 
and 17% in the 2-position. Mills and Nixon (j., 1930, 2510) investigated the coupling of 
diazonium salts with 5-hydroxyindane (which reacted almost entirely in the 6-position) and 
with tetrahydro-B-naphthol where reaction was almost exclusively in the 1l-position. These 
results were interpreted by Mills and Nixon as indicating a high degree of “‘ fixation” of the 
double bonds of the Kekulé formula for benzene; that in a 1 : 2-dialkyl-4-phenol the more 
stable arrangement of bonds is that represented by (I) and that in the light of Diepolder’s results 


CH, ‘ ; bay ‘ 
an XN 
Oe a ™ <>" 
\ ~\ 4 wm /\F 

2 CH, 
(I.) (II.) (III.) 


the arrangement of the bond system postulated for 5-hydroxyindane (II) is the normal arrange- 
ment whereas that in tetrahydro-$-naphthol (III) is an abnormal arrangement brought about 
through the attachment to the benzene nucleus of the tetramethylene chain. 

The last statement seemed, at first, to contradict some of the other stereochemical 
considerations brought forward by Mills and Nixon and it was thought more probable that as 
the alkyl groups in the dialkylphenol became larger the steric effects of these groups on each 
other would tend to change the stable arrangements of the bonds from one form to the other. 
Later work (compare Fieser and Lothrop, J. Amer. Chem. Soc., 1936, 58, 2050; 1937, 59, 945; 
Sidgwick and Springall, J., 1936, 1532; Placzek, Leipziger Vortrdge, 1931, 71; Ingold, et al., J., 
1936, 966) and, in particular, the development of the theory of resonance, has made it impossible 
to uphold the idea that benzene can, under any conditions, be represented by one single Kekulé 
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structure. Nevertheless, these results are interesting as indicating the existence of a type of 
directed reactivity in the benzene ring not previously contemplated. 

Sutton and Pauling (Trans. Faraday Soc., 1935, 31, 939) examined the problem from the 
point of view of wave mechanics and concluded that the effect of saturated side rings upon the 
ratio of the coefficients of the wave functions of the two Kekulé structures is relatively small 
(about 6%) and that the benzene ring retains the greater part of its stabilising resonance energy. 
Nevertheless, making the reasonable assumption that the ratio of the activation energies, for 
reaction as either one of the Kekulé structures, depends upon the square of the ratio of the 
coefficients, it is possible to account for the experimental facts described by Mills and Nixon. 
(Compare also Longuet-Higgins and Coulson, Trans. Faraday Soc., 1946, 42, 756). 

Since, therefore, the distortion of the ortho-valencies of benzene, by 5-atom or 6-atom 
saturated rings fused on to the nucleus, can bring about the variation in the ratio of the activation 
energies described, it was thought of interest to investigate the possibility of a similar distortion 
being caused by the steric hindrance of two ortho-substituents not forming part ofaring. The 
reactivity of 3: 4-dialkylphenols towards diazotised amines furnishes one method for testing 
this point since, if the above conclusions are sound, diazotised amines would be expected to 
show an increasing tendency to couple at position 2 as compared with position 6 as the sizes of 
the alkyl groups increased. 

3-Methy]-4-ethylphenol was obtained from 4-acetyl-3-methylphenol (compare Skraup and 
Poller, Ber., 1924, 57, 2033) by Clemmensen reduction. 3-Methyl-4-propylphenol was obtained 
similarly from 4-propionyl-3-methylphenol. The preparation of 3-methyl-4-isopropyl- and 
3-methyl-4-isobutyl-phenol was attempted similarly, as also of 4-methyl-3-ethylphenol, by 
several methods, but without success. 

3:4-Diethylphenol was obtained by way of a Grignard reaction with m-methoxybenzaldehyde 
and methyl iodide, the resulting secondary alcohol being esterified with hydrogen chloride 
and reduced with hydrogen in presence of palladium forming, by removal of the ether-methyl 
group, m-ethylphenol. This was then treated with acetyl chloride in the presence of zinc 
chloride and the 4-acetyl-3-ethylphenol, so formed, reduced by Clemmensen’s method. This 
method was used since a Friedel-Crafts reaction with acetyl chloride and m-methoxyethyl- 
benzene resulted in the formation of the 6-acetyl instead of the desired 4-acetyl compound. 

For the coupling reactions p-chlorobenzenediazonium chloride was used as it was found 
that some of the benzeneazo-compounds of the higher phenols are too low melting for easy 
separation by recrystallisation. Diepolder’s experiments were repeated, using benzenediazonium 
chloride as well as the p-chloro-compound, for comparison. 

The isomers were separated by fractional crystallisation and the proportions in which each 
occurred determined. The result was also checked in further experiments by comparing the 
melting point of the washed and dried “‘ crude ” product with the melting-point curve of mixtures 
of the pure components. 

Diepolder (loc. cit.) established the orientation of his higher-melting isomer by reducing 
it to an amino-phenol identical with that obtained from a mononitroxylenol, which he converted 
into a known nitro-o-xylene. This method could not be applied to the present work since nitration 
of the dialkylphenols concerned gave a mixture of liquid products. The problem was solved by 
nitrating 4-acetyl-3-methylphenol and 4-propionyl-3-methylphenol, establishing the constitution 
of the nitro-compounds and then reducing them in stages to the aminomethylalkylphenols and 
comparing them with the products obtained by fission of the azo-compounds : 


COR ~ Pm 
Y HNO Na,S,0 
CH 3 CH CH, 
v —> NO, SS | NH, mi 
H H H 
CH,R Fe 


The constitution of the mononitro-compounds was established by heating their methyl 
ethers for a long time with excess of dilute neutral potassium permanganate solution. This 
gave the same toluic acid (hitherto of uncertain constitution) as was obtained from 5-nitro-o-4- 
xylenol by Cain and Simonsen (J., 1914, 162). This acid must have the structure (IV), since a 
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toluic acid obtained from (V) must have the methyl and methoxyl groups in the meta-position 
to one another. 


CO,H COR 


VA 
Me Me 


The results of these experiments are shown in the following table : 


Percentage of coupling Percentage of coupling 


Phenol. in 2-position. in 6-position. 
3: 4-Dimethylphenol _.............ccccccccccscccees 20 80 
3-Methyl-4-ethylphenol = .............seeceesesceees 33 67 
3-Methyl-4-n-propylphenol ...........sseseeeeeeeee 55 45 
3: 4-Diethylphenol  ...........ccceceeeeeeeeeeeeceees 45 55 


These results seem to show that steric hindrance between the groups in the ortho-position does 
take place and results in the same kind of variation in the ratio of the activation energies for 
reaction as one or other of the Kekulé structures as is brought about by the fusion of saturated 
rings of different sizes on to the benzene nucleus. 


EXPERIMENTAL. 


Phenols and Derivatives.—4-Acetyl-3-methylphenol (10 g.) (Skraup and Poller, Joc. cit.) was mixed 
with hydrochloric acid (200 c.c.) (1 vol. of acid; 2 vols. of water) and amalgamated zinc [made by standing 
zinc (40 g.) in saturated mercuric chloride (100 c.c.) for 10 minutes], heated under reflux until reaction 
started, and finally refluxed for several hours. The colourless oil obtained by steam distillation was 
extracted with ether and dried (Na,SO,), the solvent removed, and the product distilled. The 
3-methyl-4-ethylphenol, a colourless oil, b. p. 235°, set to a white crystalline solid on scratching in a 
freezing mixture. Yield, 4 g. 

4-Propionyl-3-methylphenol (22 g.), obtained similarly (but compare v. Auwers, Annalen, 1924, 
439, 174), was converted into 3-methyl-4-n-propylphenol (88 g. of amalgamated zinc; 125 c.c. of conc. 
hydrochloric acid; 250 c.c. of water). It wasacolourless oil, b. p. 252°/759mm. Yield, 10g. 3-Methyl- 
4-n-bropylphenoxyacetic acid, obtained from 2 g. of the phenol, 1 g. of potassium hydroxide in 15 c.c. of 
water, and 2 g. of chloroacetic acid in 10 c.c. of water, crystallised as small flat rectangular prisms, m. p. 
121°, from benzene (Found: C, 69-35; H, 7:66. C,,.H,,O, requires C, 69-2; H, 7-69%). 

m-Methoxyphenylmethylcarbinol was prepared by the method described by Klages and Allendorf 
(Ber., 1898, 81, 1003), using 133 g. of m-methoxybenzaldehyde and 144 g. of methyl iodide. Yield, 
110 g. of a colourless viscous oil, b. p. 110°/10 mm. This was converted by the method used by Klages 
(Ber., 1903, 36, 3584) for the ortho-compound into 1-chloro-l-m-methoxyphenylethane (50 g. from 
55 g. of carbinol). The following were prepared similarly : m-methoxyphenylethylcarbinol, a colourless 
viscous oil, b. p. 130°/8 mm., phenylurethane, colourless needles, m. p. 47° (Found: N, 5-27. C,,H,,O,N 
requires N, 5-20%); 1-chloro-l-m-methoxyphenylpropane, a colourless oil. 

m-Methoxyethylbenzene was obtained by reduction of 1-chloro-l-m-methoxyphenylethane (40 g.) 
in methyl alcohol (200 c.c.) by hydrogen in presence of 2% palladium on strontium carbonate and 
calcium carbonate (45 g.). After filtration of the solution, methyl alcohol was removed by evaporation, 
and the crude product separated from calcium chloride by adding ether and filtering, evaporating, and 
distilling the ether solution under reduced pressure. The product was a colourless, mobile liquid, b. p. 
74°/10 mm. Yield, 18-5 ¥; m-Methoxypropylbenzene was prepared similarly as a colourless mobile 
liquid, b. p. 92°/11 mm. ield, 17-5 g. (Found : C, 80-12; H, 9-29. C,,H,,O requires C, 80-0; H, 9-3%). 

m-Methoxyethylbenzene (10 g.) was demethylated by boiling for 8 hours with acetic acid (15 c.c.) and 
hydriodic acid (10 g.). Iodine was removed by means of sodium hydrogen sulphite and the m-ethylphenol 
extracted with ether, dried (Na,SO,), and distilled under reduced pressure. It was a colourless oil, b. p. 
95°/10 mm. Yield, 7 g. 

Acetyl chloride (18 g.) was added, dropwise, to m-ethylphenol (15 g.) and finely powdered zinc 
chloride (18 g.) and the mixture kept for 3 days. The solid which separated was filtered off and 
reduced to 3: 4-diethylphenol, without further purification, by Clemmensen’s method [using 80 g. of 
zinc, 200 c.c. of concentrated mercuric chloride solution, and 400 c.c. of hydrochloric acid (1 vol. of conc. 
HCl: 2 vols. of water)], extracted with ether, dried (Na,SO,), and distilled under reduced pressure. It 
was a colourless oil, b. p. 125°/10 mm. Yield, 2 g. 

Coupling Reactions.—Diepolder’s experiment (loc. cit.) was repeated using as-o-xylenol and p-chloro- 
benzenediazonium chloride for comparison purposes. Coupling was effected with 3-methyl-4-ethylphenol, 
3-methyl-4-propylphenol, and 3: 4-diethylphenol, using 2 g. of phenol in 30 c.c. of 5% sodium hydroxide 
and 1-7 g. of p-chloroaniline in a mixture of sulphuric acid (2 g.) and water (30 c.c.), diazotized with 
sodium nitrite (1-2 g.) in water (10 c.c.). The products were filtered off, washed with distilled water, 
and dried in a vacuum desiccator. 

Separation of the Isomers.—When dry, the melting point of the mixture of azo-compounds obtained 
as above was determined and the mixture was then dissolved in the smallest quantity of alcohol warmed 
to 30—40°. The solution was allowed to cool slowly to 0°. The crystals which separated were filtered 
off and recrystallised again from warm alcohol. This process was repeated and the melting point 
determined after each recrystallisation until the melting point had reached a maximum. 

The mother liquor from the first crystallisation was diluted with water (double the volume of alcohol 
used) and the precipitate filtered off. The subsequent mother liquors from the recrystallisation of the 
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less soluble isomer were treated similarly and all the precipitates combined, dissolved in just enough 
alcohol, warmed to 20° and the solution allowed to cool to room temperature. Some of the less soluble 
isomer separated and was discarded. The more soluble substance was precipitated with water and the 
melting point taken. The process was repeated until the melting point reached a maximum. Melting- 
point curves were then compiled for known mixtures of each pair of isomers and from them the composition 
of the initial mixtures of isomers was deduced. 

The following substances were isolated: 6-(p-chlorobenzeneazo)-3 : 4-dimethylphenol, m. p. 156°, 
(Found: Cl, 13-6. C,,H,,;ON,Cl requires Cl, 13-6%); 2-(p-chlorobenzeneazo)-3 : 4-dimethylphenol, 
m. p. 109° (Found: Cl, 13-6%); 6-benzeneazo-3-methyl-4-ethylphenol, bright red needles, m. p. 69° 
(Found: N, 11-6. C,;H,,ON, requires N, 11:7%); 2-benzeneazo-3-methyl-4-ethylphenol, light brown 
microcrystalline powder, m. p. 41° (Found: N, 11-5%); 6-(p-chlorobenzeneazo)-3-methyl-4-ethylphenol, 
golden brown prisms, m. p. 122° (Found: Cl, 13-0. C,;H,,ON,CI requires Cl, 13-0%); 2-(p-chloro- 
benzeneazo)-3-methyl-4-ethylphenol, dark brown prisms, m. p. 73-4° (Found: Cl, 13-0%); 6-(p-chloro- 
benzeneazo)-3-methyl-4-n-propylphenol, brick-red powder, m. p. 115° (Found: Cl, 12-4. C,,H,,ON,Cl 
requires Cl, 12:3%); 2-(p-chlorobenzeneazo)-3-methyl-4-n-propylphenol, orange-red powder, m. p. 90° 
(Found: Cl, 12-4%) ; 6-(p-chlorobenzeneazo)-3 : 4-diethylphenol, m. p. 130° (Found: Cl, 12-2. C,,H,,ON,Cl 
requires Cl, 12-3%) ; 2-(p-chlorobenzeneazo)-3 : 4-diethylphenol, m. p. 95° (Found : Cl, 12-4%). 

Orientation of the Azo-compounds.—The azo-compound (1 g.) was dissolved in the least quantity of 
boiling alcohol, and modified Witt’s solution (Mills and Nixon, Joc. cit.) added until the colour 
was discharged. The solution was diluted to about 400 c.c. with water, saturated when hot with hydrogen 
sulphide, boiled, filtered immediately, evaporated to small bulk (water-bath), made alkaline with sodium 
hydroxide, and the p-chloroaniline distilled off in steam. The residue was filtered, acidified with dilute 
acetic acid, and the precipitate filtered off, washed with water, dried, and recrystallised. The 6-p-chloro- 
benzeneazo-3 : 4-dimethylphenol, m. p. 156°, gave 6-amino-3 : 4-dimethylphenol, m. p. 174—175° 
(decomp.), identical with an authentic specimen prepared by reduction of 6-nitro-3 : 4-dimethylphenol 
with sodium hydrogen sulphide (compare, Diepolder, /oc. cit.). The benzeneazo-3-methyl-4-ethylphenol, 
m. p. 69°, when treated similarly gave 6-amino-3-methyl-4-ethylphenol, m. p. 160° (decomp.), identical 
with an authentic specimen prepared as described below. The p-chlorobenzeneazo-3-methyl-4-ethyl- 
phenol, m. p. 122°, gave the same product. The p-chlorobenzeneazo-3-methyl-4-n-propylphenol, m. p. 
115°, gave 6-amino-3-methyl-4-n-propylphenol, m. p. 145°, identical with an authentic specimen prepared 
as described below. The -chlorobenzeneazo-3 : 4-diethylphenol, m. p. 130°, gave 6-amino-3 : 4- 
diethylphenol, m. p. 146°. 

Synthesis of the Necessary Reference Substances.—Nitration of cae. The phenol 
(7 g.) was suspended in 45 c.c. of glacial acetic acid and 2-5 c.c. of concentrated nitric acid (d 1-42) in 
2-5 c.c. of glacial acetic acid were added slowly with cooling and shaking. The mixture, warmed on a 
water-bath, became hot and deep red. It was poured on ice, the precipitate of nitro-4-acetyl-3-methyl- 
phenol washed, dried, and recrystallised; it formed long, slender, pale brownish-yellow prisms from 
alcohol, m. p. 129° (Found: N, 7:34. C,H,O,N requires N, 7-2%). 

Nitro-4-acetyl-3-methylphenol (3 g.) was added with strirring to sodium hydroxide (0-7 g.) in a little 
water and heated (water-bath). The bright orange sodium salt was powdered and heated with toluene 
(1 c.c.) and methyl sulphate (3 c.c.) in an oil-bath (110—120°; 30 minutes). The colourless liquid, diluted 
with water, was boiled, made alkaline, and cooled. The methyl ether formed very pale yellow needles 
from alcohol, m. p. 98-5° (Found: N, 6-8. CH,,0,N requires N, 6-7%). 

5-Nitro-4-methoxy-2-methylbenzoic acid. The methyl ether (1 g.) was refluxed with potassium 
permanganate (4 g.) in water (150 c.c.) for several hours, and excess of potassium permanganate reduced 
by a few drops of alcohol. e liquid was filtered hot, cooled, and acidified with hydrochloric acid. 
The white flocculent precipitate, recrystallised from water, gave clusters of microscopic needles, m. p. 
235° (decomp.), identical with the substituted toluic acid of hitherto uncertain constitution obtained by 
Cain and Simonsen (Joc. cit.) from 6-nitro-3 : 4-dimethylanisole. The toluic acid must have the -Me 
meta to the -OMe since this is the only acid which could be formed from a mononitro-4- 
acetyl-3-methylphenol. Cain and Simonsen’s acid is therefore 5-nitro-4-methoxy-2-methylbenzoic acid, 
and the nitration product of 4-acetyl-3-methylphenol has the nitro-group in the 6-position. 

6-A mino-4-acetyl-3-methylphenol. This was obtained by reduction of the nitro-compound (1-8 g.) 
in boiling alkaline solution with sodium dithionite (hydrosulphite). On neutralisation (with dilute 
acetic acid) 1 g. of base was obtained, in pale yellow prisms, m. p. 116° from alcohol (Found: N, 8-63. 
C,H,,0,N requires N, 8-5%). 

6-A mino-3-methyl-4-ethylphenol. The aminoacetylphenol (0-6 g.) was refluxed (2 hrs.) with 
amalgamated zinc (1-5 g.) and hydrochloric acid (10 c.c.; 1:1) with further additions of acid from 
time to time. The liquid was cooled, filtered, neutralised with ammonia, and extracted with ether. 
The ether extract, was dried (Na,SO,) and the ether removed, yielding 6-amino-3-methyl-4-ethylphenol 
as a white, crystalline powder, m. p. 160° (decomp.) (Found: N, 9-2. C,H,,ON requires N, 9-3%). 

The following were prepared similarly: 6-nitro-4-propionyl-3-methylphenol, pale greenish-yellow 
prisms from alcohol, m. p. 95° (Found: N, 6-7. Cy H,,0O,N requires N, 6-7%); 6-nitro-3-methyl-4- 
propylphenyl methyl ether, white rectangular prisms from alcohol, m. p. 137° (Found : N, 6-33. C,,H,,0,N 
requires N, 6-3%) ; 6-amino-4-propionyl-3-methylphenol, pale brown prisms with domed ends, m. p. 135° 
(Found: N, 7-4. C,9H,,0,N requires N, 78%); 6-amino-3-methyl-4-n-propylphenol, white crystalline 
powder, m. p. 145° (decomp.) (Found: N, 8-1. C,.H,,ON requires N, 8-5%). 
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433. Some Heterocyclic Analogues of Stilbenes. 
By Danret M. Brown and GeorcE A. R. Kon. 


Derivatives of 4-aminostilbene are known to be carcinogenic and also to exercise an 
inhibitory effect on the development of transplanted tumours in the rat. A number of analogous 
compounds, in which one benzene ring of the stilbene is replaced by a heterocyclic ring, are 
now described. 


It has recently been found that a number of basically substituted stilbenes of the general type 
NR,°C,H,°CH:CH’Ar are carcinogenic and possess the property common to many carcinogens 
of inhibiting the development of transplanted tumours in rats. A full account of this work has 
recently been published (Phil. Trans., 1948, A, 241, 147). It appeared of interest to prepare 
for tests certain analogues of the biologically active stilbene, containing heterocyclic in place 
of the homocyclic nuclei. 

As a preparative method, advantage was taken of the well-known reactivity of the methyl 
groups in certain positions of a variety of heterocyclic compounds (pyridine, quinoline, pyrimidine, 
etc.), whereby styryl derivatives are produced by condensation with aromatic aldehydes (cf., 
e.g., Gabriel and Colman, Ber., 1903, 36, 3383; Stark, ibid., 1909, 42, 702; Stark and Bégemann, 
ibid., 1910, 43, 1128). 

Pyrimidine Derivatives.—4-Dimethylaminobenzaldehyde condenses smoothly with 4-methyl- 
pyrimidine in presence of zinc chloride, to give 4-(4-dimethylaminostyryl)pyrimidine. Stark and 
Bégemann (loc. cit.) have shown that 4-dimethylaminobenzaldehyde condenses with 2-hydroxy- 
4 : 6-dimethylpyrimidine in presence of catalytic amounts of piperidine in boiling ethanol to 
give 2-hydroxy-4-(4-dimethylaminostyryl)-6-methylpyrimidine (I; R= OH). We find that 
the reaction product also contains some 2-hydvoxy-4 : 6-bis-(4-dimethylaminostyryl) pyrimidine 
(II; R= OH). Analysis figures for this compound are only approximate and are more in 
accord with those calculated for the hemihydrate. This condensation takes place more rapidly 
in aqueous ethanol in presence of either catalytic or molecular quantities of hydrochloric acid 
and again gives a mixture of the mono- and bis-compounds (I and II; R= OH). Owing to 
the insoluble nature of the hydroxy-compounds purification on a large scale is difficult, so that 
the crude preparation of I (R = OH) is used for the preparation of 2-chloro-4-(4-dimethylamino- 
styryl)-6-methylpyrimidine (I; R = Cl) together with some 2-chloro-4 : 6-bis-(4-dimethylamino- 
styryl)pyrimidine (II; R=Cl). The latter is also obtained from the pure bis-compound 
which is prepared from 2-hydroxy-4 : 6-dimethylpyrimidine and 2 molecules of 4-dimethyl- 
aminobenzaldehyde in presence of either piperidine or hydrochloric acid. The chloro-compounds 
are readily separated by chromatography on alumina; this also constitutes an excellent method 
of purification. 
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Heating 2-chloro-4-(4-dimethylaminostyry])-6-methylpyrimidine (I; R = Cl) with a variety 
of amines affords 2-basically-substituted pyrimidines [I1; R = piperidino-, morpholino-, 
cyclohexylamino-, diethylamino-, 2-diethylaminoethylamino-, or bis-(2-hydroxyethyl)amino-] 
in high yield. No product can be isolated from the reaction with methanolic ammonia at 175°, 
and when this is carried out at 110° the starting material is recovered unchanged. However, 
2-acetamido-4-(4-dimethylaminostyryl)-6-methylpyrimidine (I; R = NHAc) is obtained in small 
yield from 4-dimethylaminobenzaldehyde and 2-amino-4 : 6-dimethylpyrimidine in boiling 
acetic anhydride. 

2-Chloro-4 : 6-bis-(4~dimethylaminostyryl)pyrimidine (II; R= Cl) reacts readily with 
piperidine to give 2-piperidino-4 : 6-bis-(4-dimethylaminostyryl) pyrimidine (II; R = piperidino-). 

2-Ethoxy-4-(4-dimethylaminostyryl)-6-methylpyrimidine (I; R= OEt) is obtained from 
(I; R = Cl) with sodium ethoxide. 

Attempts to dehalogenate (I; R = Cl) have not been successful. No reaction is observed 
on boiling a suspension of the chloro-compound with zinc dust in water (cf., inter alia., Gabriel 
and Colman, Joc. cit.) or in solution in aqueous dioxan. Hydrogenation at room temperature 
and pressure over 2% palladised strontium carbonate is rapid and gives only 2-chloro-4-[2-(4- 
dimethylaminophenyl)ethyl)-6-methylpyrimidine (III; R= Cl). This reacts with piperidine to 
give 2-piperidino-4-[2-(4-dimethylaminophenyl)ethyl]-6-methylpyrimidine (III; R = piperidino-) 
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identical with that prepared by hydrogenation over palladised strontium carbonate of 
2-piperidino-4-(4-dimethylaminostyryl)-6-methylpyrimidine (I; R = —e 


Me NC Y-CH, CH * Oramen Coreen 


(III.) 


sain Camieeeeaiaaiae ia and Bégemann, Joc. Ps 7 2-chloro-4- 
styryl-6-methylpyrimidine (IV; R=Cl) with phosphorus oxychloride. Treatment with 
piperidine affords 2-piperidino-4-styryl-6-methylpyrimidine (IV; R = piperidino-). In the 
same way, from 2-hydroxy-4 : 6-distyrylpyrimidine (Stark and Bégemann, loc. cit.), 2-chloro-4 : 6- 
distyrylpyrimidine (V; R = Cl) and 2-piperidino-4 : 6-distyrylpyrimidine (V; R = piperidino-) 
are prepared. 

2-Piperidino-4 : 6-dimethylpyrimidine and 2 : 6-dipiperidino-4-methylpyrimidine, prepared from 
the corresponding chloro-compounds, fail to react with 4-dimethylaminobenzaldehyde under a 
variety of conditions. However, further work in progress in these laboratories should shed 
light on the effect of substituents on the condensations of aldehyde with methylpyrimidines. 

The results of the biological tests will be reported in detail elsewhere; the compounds 
(I; R = piperidino- or morpholino-) possess considerable growth-inhibitory action. 

Styrylquinolines.—Condensation of 4-nitrophenylacetic acid with quinoline-6- and 


-8-aldehydes (Rodionov and Berkenheim, J. Gen. Chem. Russia, 1944, 14, 330), by the method © 


of Pfeiffer (Ber., 1915, 48, 179) leads to the formation of 6- and 8-(4-nitrostyryl)quinoline (VI; 
R = NO,, R’ = H) and (VII; R = NO,). Stannous chloride reduction (Pfeiffer and Seriewskaja, 
Ber., 1911, 44, 1110) gives the corresponding 6- and 8-(4-aminostyryl)quinoline (VI; R = NHg, 
R’ = H), and (VII; R = NH,). 

Cook, Heilbron, and Steiger (J., 1943, 413) failed to obtain 6-styrylquinoline (VI; 
R = R’ = H) by the Meerwein reaction (Meerwein, Biichner, and van Emster, J. pr. Chem., 
1939, 152, 237). In our hands the Grignard reaction between benzylmagnesium chloride and 
quinoline-6-aldehyde gives a very small yield of 2-phenyl-1-(6-quinolyl)ethanol (VIII), together 
with unidentified resinous material. The condensation of “ieee amet with sodium 
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phenylacetate and acetic anhydride gives a-phenyl-f ~(6-quinolyl)acrylic acid (VI; R=H, 
R’ = CO,H) quantitatively, but we have not succeeded in decarboxylating it. A Skraup 
synthesis using 4-aminostilbene gives no recognisable product. The styrylquinoline is obtained, 
in poor yield, by deamination of 6-(4-aminostyryl)quinoline, by reduction of the diazonium salt 
with hypophosphorous acid (“‘ Organic Reactions,”’ Vol. II, 262). 

The carcinogenicity of ‘‘ styryl 430 ” (Browning, Gulbransen, and Niven, J. Path. Bact., 1936, 
42, 155), together with the tumour-inhibiting action of the closely related 6-acetamido-2-(4- 
aminostyryl)quinoline methoacetate (Badger, Elson, Haddow, Hewett, and Robinson, Proc. 
Roy. Soc., 1942, B, 180, 255), led us to synthesise some substituted 6-amino-2-styrylquinolines. 
6-Nitro-2-styrylquinoline (Schmidt, Ber., 1905, 38, 3718) is reduced to 6-amino-2-styrylquinoline 
(IX; R = NH,, R’ = H) by stannous chloride in glacial acetic acid saturated with dry hydrogen 
chloride, and is characterised as the acetyl derivative (IX; R= NHAc, R’=H). If tin and 
hydrochloric acid are used, 2-(2-phenylethyl)quinoline is obtained (Schmidt, Joc. cit.). 

Condensations of 6-nitroquinaldine (Hamer, J., 1921, 119, 1435) with 4-dimethylamino- 
benzaldehyde and 4- -nitrobenzaldehyde in presence of zinc chloride give 6-nitro-2-(4-dimethyl- 
aminostyryl)quinoline (IX; R = NO,, R’ = NMe,) and 6-nitro-2-(4-nitrostyryl)quinoline (IX; 
R = R’ = NO,) in almost quantitative yields. Reduction is best effected by stannous chloride 
in fuming hydrochloric acid, yielding 6-amino-2-(4-dimethylaminostyryl)quinoline (IX; R = NH,, 
R’ = NMe,), characterised as the acetyl derivative (IX; R = NHAc, R’ = NMe,) and 6-amino-2- 
(4-aminostyryl)quinoline (IX; R = R’ = NH,), already prepared by Browning, Cohen, Cooper, 
and Gulbransen (Proc. Roy. Soc., 1931, B, 109, 51). The free amines are very sensitive to 
aerial oxidation. 
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For the preparation of 6-styryl-1-methyl-1: 2:3: 4-tetrahydroquinoline (XI), 6-formyl-1- 
methyl-1 : 2: 3: 4-tetrahydroquinoline (X) was required. This is readily obtained by formylation 
of 1-methyltetrahydroquinoline (Feers and Koenigs, Ber., 1885, 18, 2389) by means of 
N-methylformanilide and phosphorus oxychloride in benzene (Vilsmeier and Haak, Ber., 1927, 
60, 119). Quinoline fails to undergo a similar reaction (Cook, Heilbron, and Steiger, Joc. cit.). 
The orientation of the formyl group is determined by Kishner—Wolff reduction to a dimethyl- 
tetrahydroquinoline and comparison of the picrate with that of the previously described 
1 : 6-dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline (von Braun and Aust, Ber., 1916, 49, 509). The 
action of benzylmagnesium chloride on this aldehyde, followed by dehydration of the intermediate 
carbinol (not isolated), gives the required styry] compound. 

Miscellaneous Styrylheterocycles.—Condensation of 2-methylthiazole with 4-dimethylamino- 
benzaldehyde in presence of zinc chloride gives 2-(4-dimethylaminostyryl)thiazole (XII). The 
yield of product in this condensation is very low and sometimes nil, and the analysis figures 
obtained are only approximate. Similarly, 2-methyl-$-naphthathiazole gives 2-(4-dimethyl- 
aminostyryl)-B-naphthathiazole (XIII). 2-Styrylbenzthiazole, previously prepared by 
Hofmann (Ber., 1880, 18, 1235) by heating cinnamic acid with o-aminothiophenol, and by Mills 
and Whitworth (jJ., 1927, 2748) by the action of cinnamoyl chloride on the sodium salt of 
o-aminothiophenol, is made by heating 2-methylbenzthiazole with benzaldehyde in presence of 
concentrated hydrochloric acid (cf. Brooker and Sprague, J. Amer. Chem. Soc., 1941, 68, 3212). 
In the same way 2-(4-dimethylaminostyry]l)-88’-naphthathiazole is prepared from its components; 

the condensation without catalyst described by Rupe and Schwarz (Z. Farben u. Textil Chem., 
1904, 3, 397; Chem. Zenitr., 1905, I, 100) could not be repeated. 
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2-(4-Dimethylaminostyryl)benziminazole (Rupe, Pedrini, and Collin, Helv. Chim. Acta, 
1923, 15, 1321) is readily prepared from o-phenylenediamine and 4-dimethylamino- 
cinnamaldehyde in presence of cupric acetate by an extension of the method of Weidenhagen 
(Ber., 1936, 69, 2263). 

There are many references to the condensation of quaternary salts of 2-methylbenzoxazole 
with aldehydes, in the preparation of cyanine-type dyes (inter alia, Brooker and White, J. Amer. 
Chem. Soc., 1935, 57, 2480). This, together with the fact that benzoxazole-2-carboxylic acid is 
readily decarboxylated (Skraup and Moser, Ber., 1926, 59, 1007), suggests that the 2-methyl 
group should be active and undergo condensation reactions. However, the condensation of 
the base itself has not been described. Skraup (Amnalen, 1919, 419, 85) prepared an oil, b. p. 
325—335°, provisionally regarded as 2-styrylbenzoxazole (KIV; R = H), by heating o-amino- 
phenol with cinnamamide. Subsequently Skraup and Moser (loc. cit.) attempted without 
success to condense 2-methylbenzoxazole with benzaldehyde in presence of piperidine at 250°. 
Dent (Thesis presented to the Graduate Faculty of the University of Cincinnati, 1942, 50, 
quoted from Bywater, Coleman, Kamm, and Merritt, J. Amer. Chem. Soc., 1945, 67, 905) 
obtained 2-styrylbenzoxazole (b. p. 193—194°/2 mm.; m. p. 79—80°). This publication is not 
available, so that the method of preparation is not known. Bywater et al. (loc. cit.) obtained 
the same compound (b. p. 220—221°/14 mm.; m. p, 83—84°) by heating together o-aminophenol 
and cinnamic acid; a by-product of unestablished structure isolated by these authors and 
characterised as the hydrochloride (m. p. 154—155°) was almost certainly 2-methylbenzoxazole. 
An authentic specimen of 2-methylbenzoxazole hydrochloride has m. p. 154°. We find that 
2-methylbenzoxazole condenses readily with benzaldehyde in presence of zinc chloride to give 
2-styrylbenzoxazole, m. p. 81—82° (picrate, m. p. 163—164°). Similarly condensation with 
4-dimethylaminobenzaldehyde, under carefully controlled conditions, gives 2-(4-dimethyl- 
aminostyryl)benzoxazole (XIV; R = NMe,). 
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Heating 4-dimethylaminobenzaldehyde with l-methylphthalazine in presence of zinc 
chloride affords 1-(4-dimethylaminostyryl)phthalazine (XV) in poor yield. 
2-(4-Nitrostyryl) furan (XVI; R = NO,) is prepared by condensation of furfuraldehyde and 
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4-nitrophenylacetic acid in presence of piperidine, and from diazotised -nitroaniline and 
furylacrylic acid (Meerwein reaction). Reduction under acid conditions gives rise to resinous 
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products, while hydrogenation over Raney nickel at atmospheric pressure affords only the 
azoxy-compound (XVII). Reduction to 2-(4-aminostyryl)furan (XVI; R = NH,) is readily 
accomplished by zinc dust and ammonium chloride in alcoholic solution, with evolution of heat. 
The amine darkens rapidly in the air, and gives an acetyl derivative (KVI; R= NHAc). 


EXPERIMENTAL. 
(Melting points are uncorrected.) 


4-(4-Dimethylaminostyryl)pyrimidine.—4-Methylpyrimidine (1-0 g.; Gabriel and Colman, Ber., 
1899, 32, 1525), 4-dimethylaminobenzaldehyde (1-5 g. = 1 mol.), and zinc chloride (fused; 0-5 g.) 
were heated in an oil-bath at 165° for 1-5 hours. The product was dissolved in dilute hydrochloric acid, 
the solution basified with ammonia, and the yellow precipitate collected and crystallised from ethanol. 
4-(4-Dimethylaminostyryl)pyrimidine separated in yellow needles (1-2 g.), m. p. 179° (Found: C, 74-4; 
H, 6-6. C,,H,,N; requires C, 74-6; H,6-7%). The picrate separated from methanol in purple, elongated 
prisms, m. p. 195—196° (transformation to long black needles at 175°) (Found: C, 53-0; H, 4:1. 
C.9H,,0,N, requires C, 52-8; H, 40%). 

Condensation of 2-Hydroxy-4 : 6-dimethylpyrimidine and 4-Dimethylaminobenzaldehyde (1 mol.).— 
(a) Method of Stark and Bégemann (loc. cit.). From the crude reaction product (m. p. 250—260° (decomp.)] 
was isolated, by several crystallisations from diethylene glycol (2 : 2’-dihydroxydiethyl ether), 2-hydroxy- 
4 : 6-bis-(4-dimethylaminostytyl)pyrimidine. It formed glistening purple leaflets, decomp. 316—318° 
(Found: C, 73-3, 73-0; H, 6-5, 6-4; N, 14-4. C,,H,,ON, requires C, 74-6; H, 6-8; N, 14-5. 
C,,H,,ON,,4H,O requires C, 73-1; H, 6-9; N, 14-2%). Crystallisation of the more soluble fraction 
from 2-methoxyethanol yielded small scarlet platelets, m. p. 253° (decomp.) (Stark and Bégemann, 
loc. cit., give m. p. 250—-252° for the monostyryl compound). Attempts to separate the components of 
the reaction product by crystallisation of the hydrochloride or the sodium salt were unsuccessful. 

(b) Acid-catalysed condensation. 4-Dimethylaminobenzaldehyde (1-5 g.), and 2-hydroxy-4: 6- 
dimethylpyrimidine hydrochloride (1-5 g. = 1 mol.), dissolved in ethanol (20 c.c.) and water (10 c.c.), 
were heated at the boil for 4 hours, during which time a purple colour developed and solid material 
separated. After trituration with ammonia, the scarlet base was collected, washed well with water, 
ethanol, and ether, and dried; (1-4 g.), decomp. 313°, after softening and slow decomposition from 
280°. Crystallisation from diethylene glycol yielded the characteristic purple leaflets of the bis-compound, 
decomp. 314—316°; the crude product, however, was a mixture of the hydroxy-mono- and 
png since treatment with phosphorus oxychloride gave both corresponding chloro-compounds 
see below). 

The same product was obtained when the reaction (12 hours) was catalysed by 1 drop of concentrated 
hydrochloric acid. 

2-Hydroxy-4 : 6-bis-(4-dimethylaminostyryl)pyrimidine.—(a) 2-Hydroxy-4 : 6-dimethylpyrimidine 
(1-1 g.), 4-dimethylaminobenzaldehyde (3-0 g. = 2 mols.), and piperidine (10 drops) in ethanol (100 c.c.) 
were refluxed for 48 hours. After this time, small red platelets separated and were collected and 
crystallised from very much ethanol, forming small red platelets, decomp. 313—316°. 

(b) 4-Dimethylaminobenzaldehyde (1-5 g.), 2-hydroxy-4: 6-dimethylpyrimidine hydrochloride 
(0-75 g.), water (5 c.c.), and ethanol (20 c.c.) were heated, at the boil, overnight. Treatment with 
ammonia gave the free base as a red powder (1-22 g.). One crystallisation from diethylene glycol 
afforded glistening leaflets, decomp. 316—318° (Found: C, 73-1; H, 6-9%). 

The crude product from the preparation of 2-hydroxy-4-(4-dimethylaminostyryl)-6-methylpyrimidine 
(I; R = OH) (2-0 g.) was refluxed with phosphorus oxychloride (10 c.c., freshly distilled) for 2 hours, 
or until all solid was in solution, excess of phosphorus oxychloride was removed under reduced pressure, 
and the residue was poured on ice. After making faintly alkaline with ammonia, the red precipitate 
was collected and dissolved in benzene-—light petroleum, and the solution was dried (Na,SO,) and 
chromatographed on alumina. The orange band was eluted with the same solvent, and gave 2-chloro-4- 
(4-dimethylaminostyryl)-6-methylpyrimidine, which crystallised from benzene-light petroleum (b. p. 
60—80°) in yellow leaflets (1-2 g.), m. p. 176—177° (Found: C, 65-9; H, 5-8. C,,;H,,N,Cl requires 
C, 65-8; H, 5-9%). Further elution of the column with benzene-chloroform gave 2-chloro-4 : 6-bis- 
(4-dimethylaminostyryl)pyrimidine, also prepared from pure 2-hydroxy-4: 6-bis-(4-dimethylamino- 
styryl)pyrimidine, EF from benzene in clusters of red platelets (0-1 g.), m. p. 223—-224° (Found : 
C, 71-1; H, 6-2. C,,H.;N, 1 requires C, 71-3; H, 6-2%). 

2-Piperidino-4 : 6-bis-(4-dimethylaminostyryl) pyrimidine.—2-Chloro-4 : 6-bis-(4-dimethylamino- 
styryl)pyrimidine (0-1 g.) was boiled with piperidine (1 c.c.) for 3 minutes. After addition of water 
(10 c.c.), the yellow product was collected and crystallised thrice from benzene-light petroleum (b. p. 
60—80°). Itseparated in yellow prisms (0-025 g.), m. p. 223—-224° (Found: C, 76-9; H, 7-6. C,,;H;,N; 
requires C, 76-9; H, 7-8%). 

2-Piperidino-4-(4-dimethylaminostyryl)-6-methylpyrimidine.—2-Chloro -4 - (4-dimethylaminostyry]) -6- 
methylpyrimidine (0-52 g.) was boiled for 3 minutes with piperidine (2 c.c.), water (20 c.c.) added, and 
the product (0-6 g.) collected and dried. One crystallisation from light petroleum (b. p. 60—80°) gave 
light yellow platelets, m. p. 168—169° (Found: C, 74-5; H, 8-1. C,9H,,N, requires C, 74-3; H, 7:8%). 
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Boiling the chloro-compound with morpholine for 5 minutes and working up in the same way gave 

2-morpholino-4-(4-dimethylaminostyryl)-6-methylpyrimidine (100%) which crystallised from light petroleum 

(b. p. 60—80°) as pale yellow needles, m. p. 155° (Found: C, 70-4; H, 7-3. C,sH,,ON, requires C, 

70-4; H, 7-5%). Heating with cyclohexylamine at 140—150° for 8 hours gave 2-cyclohexylamino-4-(4- 

dimethylaminostyryl)-6-methylpyrimidine which separated from light petroleum (b. p. 60—80°) in bright 

i 84% — needles (82%), m. p. 142—143° (Found: C, 75-0; H, 8-4. C,,H,,N, requires C, 75-0; 
, ‘Oo]* 

2-Diethylaminoethylamine at 120° for 2} hours gave 2-(2-diethylaminoethylamino)-4-(4-dimethyl- 
aminostyryl)-6-methylpyrimidine which crystallised from a little light petroleum (b. p. 60—80°) in clumps 
of yellow elongated prisms (65%), m. p. 80—81° (Found: C, 71-5; H, 8-8. C,,H;,N, requires C, 71-3; 
H, 88%). Diethylamine in a sealed tube at 130—140° for 5 hours gave 2-diethylamino-4-(4-dimethyl- 
aminostyryl)-6-methylpyrimidine, separating from a little light petroleum (b. p. 60—80°) in fine yellow 
needles (74%) or from aqueous ethanol in greenish-yellow laminae, m. p. 121—122° (Found: C, 73-4; 
H, 8-35. C,,H..N, requires C, 73-5; H, 8-4%). 

Diethanolamine at 140—150° for 3 hours gave 2-bis-(2-hydroxyethyl)amino-4-(4-dimethylamino- 
styryl)-6-methylpyrimidine which was recrystallised from aqueous ethanol to give small, bright yellow 
prisms, m. p. 116° (Found: C, 66-9; H, 7:7. C,,H,,O,N, requires C, 66-7; H, 7-7%). 

2-Piperidino-4-[2-(4-dimethylaminophenyl) ethyl] -6-methylpyrimidine.—2 - Piperidino -4- (4- dimethyl - 
aminostyryl)-6-methylpyrimidine (1-0 g.) suspended in pre Lah (50 c.c.) was rapidly hydrogenated at 
room temperature and pressure over 2% palladium-strontium carbonate catalyst. Removal of the 
catalyst by filtration through a layer of alumina and removal of solvent gave the product which crystallised 
from aqueous ethanol in colourless swords (0-8 g.), m. p. 70° (Found: C, 73-9; H, 84. C,H,,N, 
requires C, 74-0; H, 8-7%). 

2-Ethoxy-4-(4-dimethylaminostyryl)-6-methylpyrimidine.—The 2-chloro-compound (I; R = Cl)(1-0 g.), 
alcoholic sodium ethoxide [from sodium (0-085 g.) and dry ethanol (25 c.c.)], and benzene (10 c.c.) 
were refluxed on a steam-bath for 1} hours. Sodium chloride was removed by filtration, and, after 
removal of solvent, the product (0-8 g.) was crystallised from light petroleum (b. p. 60—80°), affording 
orange leaflets, m. p. 120° (Found : & 72-2; H, 7-2. C,,H,,ON; requires C, 72-0; H, 7-5%). 

In attempts to dehalogenate 2-chloro-4-(4-dimethylaminostyry]l)-6-methylpyrimidine, it (0-2 g.) was 
dissolved in dioxan (15 c.c.) and water (20 c.c.), and refluxed with zinc dust (2 g.) for 3 hours. Filtration 
and removal of solvent gave a residue which had m. p. 175° after crystallisation from ethanol, undepressed 
by admixture with the starting material. 

The chloro-compound (0-2 g.) was hydrogenated in benzene-ethanol solution over 2% palladium- 
strontium carbonate. Removal of catalyst and solvent gave 2-chloro-4-[2-(4-dimethylaminophenyl)ethyl}- 
6-methylpyrimidine, separating from light petroleum (b. p. 40—60°) in colourless prisms, m. p. 59—60° 
(Found: C, 64-9; H, 6-7. €,,H,.NCl requires C, 64-9; H, 6-6%). It reacted exothermically with 
piperidine to give a product which separated from aqueous ethanol in colourless flattened needles, m. p. 
69° alone and admixed with 2-piperidino-4-[2-(4-dimethylaminopheny]l)ethyl]-6-methylpyrimidine 
prepared by the other route. 

2-Chloro-4-styryl-6-methylpyrimidine.—2-Hydroxy-4-styryl-6-methylpyrimidine (1-1 g.; Stark, loc. 
cit.) and phosphorus oxychloride (6 c.c.) were refluxed for 1 hour. The clear solution was poured on 
ice, and the gum which separated was extracted with benzene, and the solution dried and percolated 
through a short column of alumina. Elution with the same solvent and evaporation gave the product 
which crystallised from light petroleum in long, colourless, prismatic needles (0-35 g.), m. p. 95° (Found : 
C, 67-95; H, 4-9. C,,;H,,N,Cl requires C, 67-6; H, 4-8%). 

The above chloro-compound was refluxed with piperidine for 3 minutes, water was added, and the 
product which separated was collected and crystallised from aqueous ethanol. 2-Piperidino-4-styryl-6- 
methylpyrimidine separated in light yellow leaflets, m. p. 94° (Found: C, 77-6; H, 7-6. C,,H,,N, 
requires C, 77-4; H, 7-6%). 

2-Chloro-4 : 6-distyrylpyrimidine.—2-Hydroxy-4 : a i? neg (2-5 g.; Stark, loc. cit.) and 
phosphorus oxychloride (13 c.c.) were refluxed for 5 hours. e clear solution was poured on ice, and the 
product extracted with benzene after neutralisation with ammonia. Three crystallisations from much 
ethanol (charcoal) gave long, colourless needles, m. p. 177—178° (Found: C, 75-2; H, 4-75. Cy 9H,,N,Cl 
requires C, 75-4; H, 4-74%). 

2-Piperidino-4 : 6-distyrylpyrimidine was prepared as usual from the above chloro-compound (0-5 g.) 
and piperidine (3 c.c.). It separated from light petroleum (b. p. 60—80°) in light yellow, flattened 
needles (0-4 g.), m. p. 133° [Found (after drying at 120° in a high vacuum) : C, 81-9; H, 6-8. C,,H,,N, 
requires C, 81-7; H, 6-9%]. 

2-Piperidino-4 : 6-dimethylpyrimidine, prepared from 2-chloro-4: 6-dimethylpyrimidine (St. 
Angerstein, Ber., 1901, 34, 3959) and excess of piperidine, separated from aqueous ethanol in long, 
mOO%). prismatic needles, m. p. 60—61° (Found: C, 69-1; H, 9-0. C,,H,,N, requires C, 69-05; 

, 90%). 

2 : 6-Dipiperidino-4-methylpyrimidine, prepared from 2 : 6-dichloro-4-methylpyrimidine (Gabriel and 
Colman, loc. cit.) and excess of piperidine, crystallised from aqueous ethanol in long, colourless needles or 
irregular laminae, m. p. 118° (Found: C, 69-4; H, 9-1. C,,H,,N, requires C, 69-2; H, 9-3%). 

2- Acetamido -4-(4-dimethylaminostyryl) -6 -methylpyrimidine. — 2-Amino-4 : 6-dimethylpyrimidine 
(5-0 g.; Combes and Combes, Bull. So2. chim., 1892, 7, 791) was refluxed for 5 minutes with acetic 
anhydride (l5c.c.). 4-Dimethylaminobenzaldehyde (6 g.; 1 mol.) in acetic anhydride (5 c.c.) was added, 
and the whole refluxed for 1 hour and then poured into water. After basification with sodium hydroxide, 
the solution was left overnight; the tarry product which had then solidified was boiled with much water, 
and the solid material was collected and crystallised several times from benzene and then from ethanol. 
The product separated in yellow needles (0-2 g.), m. p. 218—219° (Found: C, 68-8; H, 6-9. C,,H,ON, 
requires C, 68-9; H, 6-8%). 

6-(4-Nitrostyryl)quinoline.—Quinoline-6-aldehyde (5-0 g.; Rodionov and Berkenheim, loc. cit.), 
4-nitrophenylacetic acid (5-8 g. = 1 mol.), and piperidine (2 c.c.) were heated under an air-condenser at 
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130—140° for 14 hours. Cooling and stirring with acetic acid caused crystallisation of the product which 
was collected and recrystallised from aqueous acetic acid. It separated in yellow micro-needles (3-0 g.), 
m. p. 199—200° (Found: C, 73-8; H, 4-6. C,,H,,0,N, requires C, 73:9; H; 44%). 
8-(4-Nitrostyryl) quinoline.—Quinoline-8-aldehyde (6-75 g.), 4-nitrophenylacetic acid (7-8 g.), and 
piperidine were heated to 140° in an oil-bath and kept at that temperature for 14 hours. The dark 
roduct was dissolved in chloroform, washed with sodium carbonate solution, then with water, and dried. 
he solution was percolated down a column of alumina (the top inch containing 50% of Norit), and the 
yellow band eluted with the same solvent. Removal of the solvent and crystallisation of the residue 
from benzene-light petroleum re the product as yellow needles (2-3 g.), m. p. 171° (Found: C, 73-8; 
H, 4-6. C,,H,,0,N, requires C, 73-9; H, 4-4%). 

6-(4-A minostyryl)quinoline.—To a solution of crystalline stannous chloride (16 g.) in glacial acetic 
acid (40 c.c.) saturated with dry hydrogen chloride, was added 6-(4-nitrostyryl)quinoline (powdered ; 
2-0 g.), and the solution stirred at room temperature for several hours. After being warmed on the 
steam-bath for 4 hours, the solution was cooled and the flocculent precipitate collected and boiled with 
water (300 c.c.) for 3 hours. After filtration and basification of the solution, the product was collected. 
It crystallised from chloroform in clusters of yellow platelets (0-87 g.), m. p. 214—215° (Found : C, 83-3; 
H, 6-0. C,,H,,N, requires C, 82-9; H, 5:7%). 

8-(4-A minostyryl)quinoline was prepared as above from 8-(4-nitrostyryl)quinoline (0-5 g.). The tin 
complex was decomposed by boiling it with sodium carbonate solution. The amine crystallised from 
benzene-light petroleum in burrs of yellow, flattened needles (0-38 g.), m. p. 156° (Found: C, 82-9; 
H, 5-8. (C,,H,,N, requires C, 82-9; H, 5:7%). 

2-Phenyl-1-(6-quinolyl)ethanol.—Quinoline-6-aldehyde (3-64 g.) in benzene (25 c.c.) was added to the 
Grignard reagent prepared from benzyl chloride (3-3 g.) and magnesium (0-62 g.) in ether (50 c.c.). A 
deep red flocculent precipitate separated immediately. After 2 hours’ refluxing the mixture was 
decomposed with an ice-cold solution of ammonium chloride. The aqueous layer was extracted with 
benzene and the combined organic layers evaporated. The dark residual oil was dissolved in concen- 
trated hydrochloric acid and extracted with ether. The acid layer was made alkaline and extracted with 
benzene. After removal of solvent the residue was distilled at 203°/0-1 mm. The distillate crystallised 
after treatment with a little methanol, and the compound separated finally from benzene-light petroleum 
in Holy) (0-25 g.), m. p. 129-5—130° (Found: C, 82-2; H, 6-45. C,,H,,ON requires C, 
81-9; H, 61%). 

a-Phenyl-B-(6-quinolyl)acrylic acid.—Sodium phenylacetate (0-9 g.), quinoline-6-aldehyde (0-9 g.), 
acetic anhydride (5 c.c.), and zinc chloride (0-2 g.) were heated at 160° for 3 hours. The reaction mixture 
was poured into water and the colourless precipitate collected and dissolved in hot sodium carbonate 
solution. Undissolved oil was removed by extraction with benzene. The aqueous layer was acidified 
with acetic acid and the precipitate collected and dried (1-4 g.). One crystallisation from ethanol gave 
the pure product as a colourless crystalline powder, m. p. 265° (Found: C, 78-7; H, 4:9. C,,H,,0,N 
requires C, 78-5; H, 4:7%). 

6-Styrylquinoline.—6-(4-Aminostyryl)quinoline (0-5 g.) dissolved in 5N-hydrochloric acid (2 c.c.) was 
diazotised at 0° with sodium nitrite (0-14 g.) in water (1 c.c.). The diazonium salt which separated was 
redissolved by adding water (3 c.c.) and, after addition of hypophosphorous acid (3 c.c. of 30% solution), 
the solution was left overnight at 0° and then at room temperature for 1 day. After basification with 
sodium hydroxide the product was extracted with benzene. It was purified by chromatography in 
light petroleum on alumina. 6-Styryiquinoline was eluted with benzene and crystallised from light 
petroleum, giving colourless platelets (10 mg.), m. p. 119° (Found: C, 88-3; H, 5-7. C,,H,,N requires 
C, 87:8; H, 5:7%). 

6-Nitroquinaldine was prepared by the method of Hamer (loc. cét.). Purification by chromatography 
in benzene on alumina and crystallisation from benzene-light petroleum gave colourless needles, m. p. 
165° (described by Hamer, loc. cit., as yellow needles, m. p. 164°). 

6-A mino-2-styrylquinoline was prepared from 6-nitro-2-styrylquinoline (Schmidt, Joc. cit.) by stannous 
chloride reduction as above. The tin complex was decomposed by hot sodium hydroxide solution and 
the amine extracted with chloroform. It separated from benzene-light petroleum in brown, sword-like 
prisms, m. p. 198—199° (Found: C, 82-8; H, 5-9. C,,H,,N, requires C, 82-9; H, 5-7%). The acetyl 
derivative separated from chloroform with 1 molecule of chloroform of crystallisation in large colourless 
prisms, m. p. 193° (Found: C, 58-7; H, 4-0. C,,H,,ON,,CHCI, requires C, 58-9; H, 4:-2%). Crystal- 
lisation from aqueous ethanol afforded small colourless platelets, m. p. 193° (Found, after drying at 

120°/2 mm.: C, 79-0; H, 5-6. C,,H,,ON, requires C, 79-2; H, 5-6%). 

6-Nitro-2-(4-dimethylaminostyryl)quinoline.—6-Nitroquinaldine (5-0 g.), 4-dimethylaminobenzaldehyde 
(4-0 g.), and fused zinc chloride (0-2 g.) were heated at 160° for 4 hour. After cooling, the residue was 
dissolved in concentrated hydrochloric acid, and the solution diluted and basified with ammonia. The 
product was collected and crystallised from chloroform, separating in deep purple prismatic needles 
(7-6 g.), m. p. 248—249° (Found: C, 71:8; H, 5-5. C,,H,,O,N, requires C, 71-5; H, 5-4%). 

6-Nitro-2-(4-nitrostyryl)quinoline.—6-Nitroquinaldine (2-1 g.), 4-nitrobenzaldehyde (1-7 g.), and a 
little fused zinc chloride were heated at 170°. The melt frothed and rapidly solidified to a yellow mass; 
this was almost insoluble in benzene or chloroform, but a sample crystallised from much glacial acetic acid 
in clusters of yellow needles, m. p. 278° (Found: C, 63-7; H, 3-6. C,,H,,0O,N; requires C, 63-5; H, 3-5%). 

6-A mino-2-(4-dimethylaminostyryl)quinoline—The corresponding nitro-compound (IX; R = NO,, 
R’ = NMe,) (2-0 g.), crystalline stannous chloride (10-0 g.), and fuming hydrochloric acid (15 c.c.) were 
warmed on a steam-bath for 1 hour. The tin complex was collected, dissolved in hot water, and 
decomposed with excess of 10N-sodium hydroxide. The yellow precipitate was collected, well washed 
with water, and crystallised from methanol. The amine separated in brown needles (1-15 g.), m. p. 
251—252° (Found: C, 79-0; H, 6-7. C,H, N; requires C, 78-9; H, 6-6%). The acetyl derivative, 
prepared by heating the amine with acetic anhydride and 1 drop of sulphuric acid at 100° for } hour, 
separated from aqueous methanol in orange-yellow needles, m. p. 241—242° (Found: C, 76-0; H, 6-5. 
C,,H,,ON, requires C, 76-1; H, 6-4%). 
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6-Amino-2-(4-aminostyryl)quinoline was prepared as above from the corresponding dinitro-compound 
(IX; R=R =NO,) (1:0 g.). It crystallised from aqueous methanol in yellow needles (0-6 g.), m. p. 
242—243° ree%. et al., loc. cit., give m. p. 241—242°) (Found: C, 77-9; H, 5-7. Calc. for C,,H,,N;: 
C, 78-1; H, 58%). 

6-Formyl-1-methyl-1 : 2 : 3 : 4-tetrahydroquinoline.—Phosphorus oxychloride (10-5 g.; 6-5 c.c.) and 
N-methylformanilide (9-2 g.) were dissolved in benzene (10 c.c.), and the solution left at room temperature 
for 1 hour and cooled to 0°. N-Methyltetrahydroquinoline (10 g.) was added dropwise with shaking, and 
the solution left overnight at room temperature, then poured on ice, basified with sodium hydroxide, and 
steam distilled. The residue was extracted with ether and the product purified through the bisulphite 
compound. It distilled at 219—221°/15 mm., and crystallised on standing to form large colourless plates 
(5-5 g.), m. p. 28—29° (Found: C, 75-4; H, 7-5. C,,H,,ON requires C, 75-4; H, 7-5%). The aldehyde 
(1 g.), hydrazine hydrate (100 c.c.; 2-25 c.c.), and ethanolic sodium ethoxide [16 c.c.; containing sodium 
(0-8 g.)] were heated in a sealed tube at 170—180° for 8 hours. Water (3 c.c.) was added to the contents 
of the tube, and most of the alcohol removed by distillation. The residue was diluted with water (20 c.c.) 
and extracted with ether (30 c.c.), and the ether extract washed (3 times) with water and dried. Toa 
sample (2 c.c.) of this solution were added a few drops of saturated ethanolic picric acid. The picrate 
separated in light yellow plates, m. p. 150—152°. One recrystallisation from ethanol-ether gave yellow 
prisms, m. p. 152° (Found: N, 14-1. Calc. for C,,H,,0,N,: N, 144%). The picrate of authentic 
1 : 6-dimethyltetrahydroquinoline has m. p. 152° (von Braun and Aust, loc. cit.). 

6-Styryl-l-methyl-1 : 2: 3 : 4-tetrahydroquinoline—To a Grignard reagent from benzyl chloride 
(1-23 g.) and magnesium (0-25 g.) in ether (30c.c.) was added, dropwise and with shaking, a solution of 
formylmethyltetrahydroquinoline (1-53 g.) in benzene (25c.c.). The solution was refluxed for 45 minutes 
on the water-bath, during which time a yellow complex separated. After standing at room temperature 
for 2 hours the reaction mixture was decomposed with saturated ammonium chloride solution and the 
organic layer separated. The aqueous layer was extracted with ether, and the combined organic layers 
evaporated to dryness. The residue was dissolved in benzene (25 c.c.) and refluxed with phosphoric 
oxide (2g.) for 45 minutes. After decomposition with water and basification with 2N-sodium hydroxide, 
the benzene layer was separated, washed, dried, diluted with an equal volume of light petroleum, and 
chromatographed on alumina. Elution with the same solvent and crystallisation from light petroleum 
(b. p. 60—80°) gave the product as fine colourless needles (0-6 g.), m. p. 93—94° (Found : C, 86-6; H, 7-6. 
C,,H,,N requires Cc, 86-7; H, 7:7%). 

2-(4-Dimethylaminostyryl)thiazole.—2-Methylthiazole (1 c.c.), 4-dimethylaminobenzaldehyde (1-5 g.), 
and zinc chloride (fused; ca. 0-5 g.) were heated in a sealed tube at 160—170° for 14 hours. The product 
was dissolved in dilute hydrochloric acid, and the solution basified with ammonia and extracted with 
benzene. Chromatography of the extract on alumina and then two crystallisations from light petroleum 
(b. p. 40—60°) gave the product as yellow laminae (10 mg.), m. p. 124° (Found: C, 68-5; H, 6-0. 

2-(4-Dimethylaminostyryl)-B-naphthathiazole was prepared as above by heating 2-methyl-f- 
naphthathiazole (0-5 g.), 4-dimethylaminobenzaldehyde (0-4 g.), and zinc chloride (0-5g.) at 160—180° 
for 14 hours. It crystallised from light petroleum (b. p. 60—80") in the form of yellow swords (0-3 g.), 
m. p. 170—171° (Found: C, 76-6; H, 5-7. C,,H,,N,S requires C, 76-3; H, 5-5%). 

2-Styrylbenzthiazole.—2-Methylbenzthiazole (1 g.), benzaldehyde (freshly distilled; 0-8 c.c.), and 2 
drops of concentrated hydrochloric acid were heated overnight at 100° in a sealed tube. The product 
was worked up as above, and separated from ethanol in colourless needles (0-46 g.), m. p. 112°; Mills 
and Whitworth (loc. cit.) give m. p. 112—113°. 

2-(4-Dimethylaminostyry])-88’-naphthathiazole was prepared in the same way as 2-styrylbenz- 
thiazole from 2-methyl-8§’-naphthathiazole (0-5 g.). It crystallised from benzene-light petroleum 
(b. p. 60—80°) in yellow needles (0-33 g.), m. p. 217—-218° (Rupe and Schwarz, Joc. cit., give m. p. 212°). 

2-(4-Dimethylaminostyryl)benziminazole.—Solutions of o-phenylenediamine (2-2 g.) in methanol 
(50 c.c.), cupric acetate @e) in water (100 c.c.), and 4-dimethylaminocinnamaldehyde (3-5 g.) in warm 
methanol (50 c.c.) were mixed and warmed on a steam-bath for] hour. After cooling, the brown precipitate 
was collected, washed with aqueous methanol, and suspended in 50% methanol (200 c.c.). Hydrogen 
sulphide was passed into the solution (2hours). After filtration, the filtrate and washings were evaporated 
and the residue crystallised from methanol-ethanol. 2-(4-Dimethylaminostyryl) benziminazole separated 
in long orange prismatic needles (1-0 g.), m. p. 258° (Rupe et al., loc. cit., give m. p. 256°). 

2-Methylbenzoxazole hydrochloride, prepared by passing dry hydrogen chloride into an ether solution 
of 2-methylbenzoxazole, separated from ethanol-ether in large colourless prisms, m. p. 154° (Found: 
C, 56-7; H, 4-8. C,H,ONCI requires C, 56-7; H, 4:8%). 

2-Styrylbenzoxazole.—2-Methylbenzoxazole (2 c.c.), freshly distilled benzaldehyde (2 c.c.), and 
anhydrous zinc chloride (powdered; 1 g.) were heated in a sealed tube at 160° for 6 hours. The product 
was steam distilled until the distillate was clear, and the residue was made acid with hydrochloric acid 
and then basified with ammonia. The oil which separated rapidly solidified. It was purified by 
chromatography in benzene-light petroleum on alumina, and crystallised from light petroleum (b. ye 
60—80°) in colourless needles (1 g.), m. p. 81—82° (Found: C, 81-8; H, 5-2. Ic. for C,,H,,ON: 
C, 81-5; H, 5-0%). The picrate separated from benzene-light petroleum in fine yellow needles, m. p. 
163—164° (Found: C, 55-8; H, 3-2. C,,H,,ON,C,H,O,N, requires C, 56-0; H, 3-1%). 

2-(4-Dimethylaminostyryl)benzoxazole was obtained in the same way from 2-methylbenzoxazole 
(1-0 g.), 4-dimethylaminobenzaldehyde (1-12 g.), and fused zinc chloride (0-5 g.) overnight at 160°. It 
separated from benzene-light petroleum (b. p. 60—80°) in the form of yellow glistening leaflets (0-35 g.), 
m. p. 174—175° (Found: C, 77-2; H, 6-3. C,,H,,ON, requires C, 77:2; H, 6-1%). 

1-(4-Dimethylaminostyrvlphthalazine.—1-Methylphthalazine (Gabriel and Eschenbach, Ber., 1897, 
80, 3026) (2-5 g.), 4-dimethylaminobenzaldehyde (2-75 g.), and fused zinc chloride (0-75 g.) were heated 
in an oil-bath at 160° for 2 hours. After solution of the reaction mixture in dilute hydrochloric acid and 
basification with ammonia, the product was extracted with benzene. It was purified by percolation of 
the solution through a column of alumina (Savory and Moore, “‘ Brockmann ”’; a more alkaline alumina 
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caused rapid decomposition of the product) and elution with benzene containing a few drops of methanol. 
1-(4-Dimethylaminostyryl)phthalazine formed flattened orange needles (0-39 g.), m. p. 186—187° from 
benzene-light petroleum (Found: C, 78-3; H, 6-2. C,,H,,N, requires C, 78-5; H, 6-2%). 

2-(4-Nitrostyryl) furan (Preparation by Dr. R. J. C. Harris).—(a) Furfuraldehyde (5-0 g.), 4-nitro- 
phenylacetic acid (9-0 g.), and piperidine (1 c.c.) were heated at 130—140° for 5 hours. The black 
resinous product was extracted with hot benzene, and the extract washed with 2N-hydrochloric acid, 
sodium carbonate solution, and water, and dried. The solution was chromatographed on a column of 
alumina (75 g.), and the 2-(4-nitrostyryl)furan eluted with benzene. Evaporation of the eluate gave 
orange needles ae g.), m. p. 130—131° from ethanol (Found: C, 66-95; H, 4-4. C,,H,O,N requires 
C, 67-0; H, 4:2%). 

(b) A oe of p-nitroaniline (17-25 g.), 25% hydrochloric acid (50 g.), and ice (50 g.) was diazotised 
with a solution of sodium nitrite (9 g.) in water (15 .c.c.). The diazonium salt solution was filtered and 
added to a solution of furylacrylic acid in acetone (150 c.c.). The solution was vigorously stirred, and 
sodium acetate (27-5 g.) and cupric chloride (5-35 g.) in water (15 c.c.) were added. After 2 hours the 
mixture was steam distilled, and the residue treated as in (a). Yield 5-0 g., m. p. 130—131°. 

Reduction of 2-(4-Nitrostyryl)furan.—(a) The nitro-compound (0-5 g.) in ethyl acetate (30 c.c.) was 
shaken in hydrogen with Raney nickel (0-5 g.) at room temperature and pressure. After 1 hour, hydrogen 
uptake ceased and the catalyst and solvent were removed. The residue of brown needles was 
chromatographed in benzene on alumina, and the product crystallised from benzene. The azoxy- 
compound formed fine, orange needles, m. p. 231—232° (decomp.) (Found : C, 75-34; H,4-9. C,,H,,0,N, 
requires C, 75-36; H, 4-:7%). 

(b) The nitro-compound (1-0 g.), ammomium chloride (1-0 g.), zinc dust (4-0 g.) and ethanol (30 c.c.) 
containing water (3 c.c.) were refluxed on a steam-bath for l hour. The solution was filtered and diluted 
considerably with water; an almost colourless precipitate of fine needles then separated. This was 
collected and recrystallised from aqueous ethanol (charcoal), giving 2-(4-aminostyryl) furan in colourless 
needles, m. p. 104°. For analysis the compound crystallised from light petroleum in small colourless 
swords (Found: C, 77-8; H, 5-7. C,,H,,ON requires C, 77-8; H, 60%). The acetyl derivative, 
prepared by boiling the amine for a few minutes with acetic anhydride, separated from aqueous ethanol 
in fine colourless needles, m. p. 201—202° (Found: C, 74:4; H, 6-0. C,,H,,0,N requires C, 74-0; 
H, 5-8%). 


The authors wish to thank the British Empire Cancer Campaign, the Jane Coffin Childs Memorial 
Fund for Medical Research, and the Anna Fuller Fund for grants made to the Royal Cancer Hospital 
in aid of this work, and are also indebted to Messrs Kodak Ltd and Imperial Chemical Industries Ltd. 
for gifts of chemicals. 


THE CHESTER BEATTY RESEARCH INSTITUTE, 
THE Royat CaNncEeR HOspPITAL, 
FuLHam Roap, Lonpon, S.W.3. (Received, January 31st, 1948.] 





434. Some Catalysed Gas-phase Reactions of Aromatic Hydrocarbons. 
Part IV. The Polymethylbenzenes formed in the Reactions of Dimethyl 
Ether with Benzene, Toluene, and the Xylenes. 


By P. H. Given and D. Li. Hammick. 


The yields and isomeric composftions of the methylbenzenes formed in the methylation of 
benzene by dimethyl ether over a heated alumina-silica catalyst have been determined. All of 
the twelve possible isomers, with perhaps the exception of pentamethylbenzene, are formed; 
a little ethylbenzene is found in the xylene fractions. The corresponding reactions of toluene, 
o-, and p-xylene, and a xylene mixture, have also been investigated. Monomethylation is the 
predominating reaction in all cases, and the yields of polymethylated products fall off rapidly 
with the number of groups introduced. The compositions of the di- and tri-methylbenzene 
fractions are shown to correspond closely to the respective thermodynamic equilibrium mixtures. 
The process is compared with the liquid-phase Friedel-Crafts reaction. 


It has been shown (Given and Hammick, J., 1947, 928) that benzene interacts with dimethyl 
ether on the surface of metal oxide catalysts to yield toluene, xylene, and higher methylbenzenes. 
Other workers (for references, see Part I, loc. cit.) have reported similar gas-phase reactions, 
but the composition of the polymethylbenzenes formed in such processes has apparently not 
been investigated. It was therefore thought of interest to determine the yields of the 
polymethylbenzenes formed in the reaction of benzene, toluene, and each of the three xylenes 
with dimethyl ether in the presence of an alumina-silica catalyst, and to obtain information 
concerning the isomeric composition of the C,, Cy, and C,, fractions. 


EXPERIMENTAL. 


Materials.—The preparation of the benzene, dimethyl ether, and synthetic alumina-silica catalyst 
(Al,O, : SiO, = 1 : 4) has been described (Part I, loc. cit.). 
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‘Toluene. The collected toluene fractions from a number of previous methylations of benzene were 
fractionated twice through a Podbielniak still; b. p. 110-5°, n>” 1-4970. 

o-Xylene. A sample of “‘ pure ” o-xylene was fractionated once in a Podbielniak still; b. p. 143-5— 
144°, 3?" 1-5020, f. p. —28° (cf. values of 144-4°, 1-5052, and —25-2° respectively given by Forziati, 
Glasgow, Willingham, and Rossini, J. Res. Nat. Bur. Stand., 1946, 36, 129). 

Mixture of xylene isomers (mainly m-). Commercial xylene (n}~* 1-4925) was freed from sulphur 
compounds by washing with sulphuric acid, and was then fractionally distilled. The portion of b. p. 
137—140° was boiled with dilute nitric acid and freed from aliphatic impurities by sulphonation and 
separation of unsulphonated material; the hydrocarbon was regenerated by hydrolysis of the acid, 
and was redistilled.* The analysis of the product (by ultra-violet spectroscopic method ¢) was: ethyl- 
benzene, 0-0%; p-xylene, 15-7%; m-, 73-2%; o-, 11-1%. 

p-Xylene. A sample of “ pure ’’-grade hydrocarbon was twice partially frozen, the unfrozen residue 
being neglected; f. p. 13-2°, 30° 1-4959. Spectroscopic analysis showed the material to be at least 
99-4% pure. 

Experimental Method.—The apparatus and procedure were as described in Part I with the following 
exceptions: (1) Although the benzene was vapourised by electrical heating as in the previous work, the 
other hydrocarbons were boiled into the stream of methyl ether over a gas micro-burner. The rate of 
flow was calculated from the total weight of liquid passed, and the total time of the experiment. (2) 
The products of the methylation of toluene and the xylenes were immediately fractionated in the 
Podbielniak still, without the preliminary concentration of the products made in the earlier work. 

Between 60 and 150 g. of toluene and the xylenes were passed over the catalyst in each run; but in 
order to obtain a reasonably large volume of the higher homologues for adequate investigation, 1000 g. of 
benzene were treated in one run. 

—— of the Products.—The yields of the sets of C,, C,, Cy, and C,, hydrocarbons were determined 
by distillation in the Podbielniak still, which consisted of a vacuum-jacketed column 1 m. long and 0-55 cm. 
in diameter, packed with a wire spiral. Direct tests with known mixtures showed that the sets of C,, 
C,, C,, and C,, hydrocarbons could be separated in the still with a maximum uncertainty in the analysis 
of +0-3 c.c. The weight of starting material used in the various experiments was such that this uncertainty 
in the volumes resulted in a maximum uncertainty of about 4% in the percentages of C,, C,, and C, cuts 
in Table I, and about 10% in the C,, cuts; the uncertainty in many of the figures is considerably less 
than the maximum. 

The penta- and hexa-methylbenzenes were determined by difference; some information about their 
relative proportions was obtained by the distillation of the collected high-boiling residues from a number 
of previous methylations of benzene. 

Analyses of the C, and C, hydrocarbons obtained by methylation of benzene have been made 
spectroscopically ; and the recovered xylene fractions from the xylene methylations have been analysed 
in the same way. In addition, the C, and C, cuts from every run were carefully refractionated to effect 
a partial separation between the isomers (a complete separation cannot be achieved in the type of 
Podbielniak still used). The b. p.s and f. p.s, and the m. p.s if above —78°, and also the refractive 
indices of the fractions, were determined. These data provided some further and confirmatory 
information. 

In the analysis of the tetramethylbenzenes, use was made of the freezing point-composition curve 
for the binary system, durene-isodurene, reported by Smith and Macdougall (J. Amer. Chem. Soc., 1929, 
51, 3001). The semi-solid distillate from the primary analysis was filtered off and sucked dry, and the 
weights of durene on the filter and of the liquid in the filter-flask were observed. Using the solubility 
of durene in isodurene at the temperature of the filtration estimated from the freezing-point curve, the 
total weight of durene was then calculated (the presence of a small amount of prehnitene should not 
affect the solubility greatly). The filtrates from the products of all methylation experiments described 
below were mixed, cooled to —15° to remove a further quantity of durene, and distilled through the 
Podbielniak still. An estimate of the average proportions of the three tetramethylbenzenes was thus 
obtained. 

Resulits.—The yields of the sets of methylbenzenes obtained in the various experiments, expressed 
as moles of product per 100 moles of reactant passed, are given in Table I. The volume of the packed 
catalyst space was 470 c.c., and it contained 294 g. of catalyst. 

The xylenes. The spectroscopic analyses of the C, cuts are givenin Table II. All the xylene fractions 
obtained (including those recovered from the methylations of a single isomer) had a refractive index 
n?” 1-4979—1-4981, and all except that recovered from the methylation of the o-isomer showed similar 
behaviour on refractionation. The initial f. p. of the recovered p-xylene was —20°, and the other 
samples began to freeze at about —40° to —50°; none of the fractions was completely frozen at —75°. 

The trimethylbenzenes. Spectroscopic analysis of the trimethylbenzenes from the methylation of 
benzene gave the following results: 1:3: 5-isomer, 206%; 1:2: 4-, 595%; 1:2:3-, 191%. The 
refractionation of the trimethylbenzene fractions from the various methylations showed that they were 
all of similar composition, that %-cumene was the main constituent, but that the other two isomers 
were both present. The data in Table III, relating to the trimethylbenzenes formed in the methylation 
of p-xylene, are typical specimens of the results. 

The tetramethylbenzenes. The yields of durene, as percentages of the total C,, cut, are given below : 


Substance methylated —............ssseeeeeeees Benzene. p-Xylene. m-Xylene. o-Xylene. 
Durene, % by weight ..............ceccecececoee 56 34 53 42 


* The method of purification was that of Clarke and Taylor (J. Amer. Chem. Soc., 1923, 45, 831), 
who have claimed that it yields pure m-xylene from the commercial mixture. 

¢ The authors wish to acknowledge gratefully the kindness of Dr. Powell of Anglo-Iranian Oil Co. Ltd., 
in performing all the spectroscopic analyses quoted in this paper. His method is described by Gordon 
and Powell, J. Inst. Pet., 1945, 31, 428. 
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TABLE I. . 
Reactant: Benzene. Toluene. Xylenes : 
mixture 
?. 0 (mainly m) 

Run. Be 2. 3. 4 5. 6 7. 
Rate of flow of hydrocarbon,g./hr. 29-6 33-6 42-5 50 60 61-5 51-5 
Rate of flow of ether, g./hr. ...... 10-9 15-3 15-3 15-3 15-3 15-3 15-3 
Flow of hydrocarbon, vol. liq./vol. 

GCRIDEFERINS....ccccccsecscccsesvconsces 0-072 0-082 0-10 0-12 0-15 0-13 0-13 
Mol. ratio, hydrocarbon/ether ... 1-6 1-1 1-4 1-6 1-7 1-5 1-5 
Yields (moles %). 

MND kcdntsccnccsciscesseeensvecses 61 3-0 2-6 -- 0 0 0-4 
BID vidas ncnsdcweevscsenssceccisciaes 11-6 _— — _ 4:7 3:9 3-8 
BUND scscntsedinasisvesssvcoersiscces 3-9 22-3 20-8 19-0 52 51 54-4 
Trimethylbenzene  ..........+..+000+ 1-6 8-7 7-9 6-2 22-1 21-9 23-4 
Tetramethylbenzene ............... 0-3 1-05 0-8 1-2 6-1 6-0 6-8 
Penta- + hexa-methylbenzene ... 0-4 2-2 1-7 1-4 3-6 3-6 3-0 
Total methylation per pass (%)... 15-8 34-3 31-2 27°8 31:8 29-5 33-2 
Monomethylated product calc. on 

hydrocarbon consumed * ...... 29-7 —_ _— — 46 45 51 


* The “ hydrocarbon consumed ”’ is the difference between hydrocarbon passed and hydrocarbon 
recovered. 





TaBLE II. 
Weight, %, of : 

Substance methylated. C,H, Et. ~-C,.H,Me,. m-C,H,Me, 0-C,H,Me,. 
BD. ascasececcecnnenenednessebaasacnroes 0-4 24-2 54-3 21-1 
PeRYleN]  oncccccccccccccccccccccccccccccccecs 0-8 33-8 46-1 19-3 
SPIRIOD cascicccccccssccssssocnscoseoscseoes 3-0 23-2 52-6 21-4 
DONED,  ceecccsencssveescavessenensesessscee 0 17-0 45-6 37-4 

TABLE III, 
Distillation of trimethylbenzenes from p-xylene. 
Fraction. Vol., c.c. B.p. nw. Fraction. Vol., c.c. B.p. nz", 
1 2-0 165—169° 1-5024 3 3-8 170—172° 1-5064 
2 25-0 16S—170 1-5040 


Fraction 2 froze within the range —58° to —69°. 


The durene, crystallised twice from alcohol, had m. p. 79°. The combined liquids after removal of 
the solid durene were fractionated with the results given in Table IV. 


TABLE IV. 
Distillation of combined liquid tetramethylbenzenes. 
Frac- Vol., : Frac- Vol., 
tion. c.c. B.p. F.p. Mp. n°. tion. c.c. B.p. F.p. Mp. 22. 
1 3-3 194—198° — — 41-5124 3 42 198—199° —16° —35° 1-5138 
2 4-7 198 — — 41-5131 4 3-4 199—203 —l11 —35 1-5149 


Comparison of these figures with the data for the pure tetramethylbenzenes (see Smith et al., J. Amer. 
Chem. Soc., 1932, 54, 1614, and references given therein; Francis, Chem. Reviews, 1948, 42, 107) shows, 
after durene has been removed, the residue is mainly isodurene, but some prehnitene is present. 

It can be estimated that the average composition of the various tetramethylbenzene fractions is: 
durene (1: 2:4:5), 50%; isodurene (1:2:3:5), 42%; prehnitene (1: 2:3: 4), 8%. 

Penta- and hexa-methylbenzenes. As stated above, no attempt was made to determine these substances 
directly in the routine analyses of the reaction products. The presence of hexamethylbenzene was 
demonstrated in the following manner. The residues from the analyses of the products of a number of 
methylations of benzene were distilled without a fractionating column. The temperature rose rapidly 
to 260° without pausing at either 232° or 255° (the b. p.s of pentamethylbenzene and diphenyl, respectively). 
A liquid distilled at 260—265°, and rapidly solidified in the condenser. The solid was crystallised from 
alcohol, m. p. 164—165° (corr.) (Found: C, 88-8; H, 11-1! Calc. for C,,H,,: C, 88-8; H, 11-2%). 
Hence the residual reaction products, after removal of the C, to C,, hydrocarbons, consist mainly of 
hexamethylbenzene; little, if any, pentamethylbenzene is formed. Diphenyl, which could conceivably 
be formed in side reactions, evidently is not present to any significant extent. 


DISCUSSION. 


The spectroscopic analyses given in Table II show that small amounts of ethylbenzene were 
present in the C, cuts recovered from the methylations of benzene, p-xylene, and the xylene 
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mixture. The benzene and toluene used in our experiments were carefully fractionated before 
use, and contained no ethylbenzene, and spectroscopic analyses of the p-xylene and the xylene 
mixture showed the absence of this hydrocarbon initially. (The spectroscopic analysis of the 
C, products of the methylation of the o-isomer revealed no ethylbenzene, so that the purity of 
the starting material is not in question in this case.) 

Taylor, Wagman, Williams, Pitzer, and Rossini (J. Res. Nat. Bur. Stand., 1946, 37, 95) have 
calculated the equilibria among the four C, hydrocarbons in the vapour state over the temperature 
range, 298°16—1500° k.; it may be shown from their data that at 723° x. (450°c.) the 
equilibrium mixture contains: 9% ethylbenzene; 21°2% p-xylene; 47°3% m-; 22°5% o-. 
Comparison of these figures with the experimentally determined compositions of the C, cuts 
given in Table II shows that the proportion of m-xylene in all the four samples analysed agrees 
with the equilibrium value within the limits of experimental error; so also do the proportions of 
o- and p-xylene in the cuts separated from the methylations of benzene and the xylene mixture 
(the latter contained initially 73°2% m-, 11:1% o-, and 15°7% p-xylene). It is evident that 
o- and p-xylene do not isomerise all the way to the equilibrium mixture in a single passage over 
the catalyst (under our conditions) since the recovered fractions contain the respective starting 
materials in greater than equilibrium proportions. The proportion of ethylbenzene found is in 
all cases less than the equilibrium value; but one would perhaps expect the rate of isomerisation 
of one xylene into another to be much higher than the rate of isomerisation of a xylene into 
ethylbenzene. 

Thus we conclude that the C, cut obtained as a product of the interaction of benzene and 
dimethy] ether under the conditions we have used is substantially the thermodynamic equilibrium 
mixture; and under the same conditions any xylene isomerises to a considerable extent towards 
the equilibrium mixture. 

Rossini et al. (loc. cit.) have also calculated the equilibria among the eight C,H,, alkylbenzenes 
in the gas phase at temperatures of 298°16—1500° k. From their data we may deduce that the 
proportions of the three trimethylbenzenes in equilibrium with each other would be: mesitylene 
(1:3: 5), 220% y-cumene (1: 2: 4), 62°3%; hemimellitene (1: 2:3), 15°7%. The trimethyl- 
benzenes formed in the methylation of benzene had substantially this composition, within the 
limits of experimental error. Sufficient data are not available for a similar comparison to be 
instituted for the tetramethylbenzenes. 

A comparison of the products of the gas-phase reaction described here with those of the 
liquid-phase Friedel-Crafts reaction may be made. In the former, the yield of the product 
formed by the introduction of one methyl group into toluene or xylene is about double the yield 
of the corresponding reaction of benzene (see Table I). Nevertheless, introduction of only one 
methyl group is the predominating reaction whatever the starting material, and the yields of 
polymethylbenzenes fall off rapidly with the number of groups introduced; the ratio of mono- 
to poly-methylation is rather insensitive to’ variations in the hydrocarbon : dimethyl ether 
ratio (see Part I, loc. cit., p. 932). On the other hand, Smith and Dobrolovny (J. Amer. Chem. 
Soc., 1926, 48, 1413) found that in the Friedel-Crafts reaction of methy] chloride with xylene in 
the presence of aluminium chloride, the yield of disubstituted was high compared with 
monosubstituted products, whatever the proportion of methylating agent used; and considerably 
more penta- than hexa-methylbenzene was formed. The first of these results is a well-known 
characteristic of the Friedel-Crafts reaction (see Calloway, Chem. Reviews, 1935, 17, 327). 

In the interaction, under our conditions, of dimethyl ether with benzene and its homologues, 
substantial amounts of the vicinal substituted products (o-xylene, hemimellitene, prehnitene) 
are formed. In the Friedel-Crafts reaction, o-disubstituted products are often not found (see, 
e.g., Ador and Rilliet, Ber., 1878, 11, 1627; 1879, 12,329; Moyle and Smith, J. Org. Chem., 1937, 
2, 114; Shoesmith and McGechen, J., 1930, 2231). Smith and Cass (J. Amer. Chem. Soc., 1932, 
54, 1603, 1609) showed that in the methylation of xylene with methyl chloride in the presence 
of aluminium chloride, no hemimellitene or prehnitene is formed (i.e., less than 1%). 

The differences between the two types of reaction must be ascribed partly to differences in 
the equilibria, and partly to the relatively higher rates of the isomerisation reactions at the 
higher temperature used in the reactions of dimethyl ether. 

A number. of authors (see ‘‘ Organic Reactions’, ed. Adams, Wiley, 1946, Price, Vol. la, 
p. 10) have remarked on the fact that the xylene obtained by the Friedel-Crafts reaction consists 
largely of the m-isomer; Price and Ciskowski (J. Amer. Chem. Soc., 1938, 60, 2499) have suggested 
that the expected o- and p-xylenes are formed first, these are methylated further to 1 : 2 : 4-tri- 
methylbenzene, and that then a proton replaces a methyl group; substitution rules lead one to 
expect that m-xylene would be formed in this reverse reaction. This may be the mechanism by 
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which the m-isomer is formed in methylations with methyl chloride and aluminium chloride, but 
a similar course is impossible in the dimethyl ether gas-phase reaction, since thermodynamic 
data (see Part I, loc. cit.) show that the reactions : 


(CH;),0 op C,H, = C,H,°CH; oa CH,°OH 
(CH;),0 oe 2C,H, = 2C,H,°CH, + H,O 


are not reversible to any significant extent (the corresponding equilibria for the homologues will 
not differ greatly). In any case it is clear that the basic reason for the predominance of the 
m-isomer in both reactions is its superior stability. It is perhaps of interest to note that the 
compositions of coal-tar xylenes, although they vary somewhat with the source and method of 
preparation, are always fairly close to the equilibrium composition; certainly the m-isomer 
always predominates (Kishner and Krasova, J. Gen. Chem. Russia, 1936, 6, 748, have given 
analyses of typical coal-tar xylenes). It is unlikely that the coal-tar xylenes, however they are 
produced, are formed in equilibrium proportions, or that isomerisation occurs in the gas phase, 
and so it appears that coal during carbonisation (presumably at temperatures of 600—1100°) 
catalyses the isomerisation. 


The authors wish to express their thanks to the Department of Scientific and Industrial Research 
for a grant to one of them (P. H. G.). 


Dyson PERRINS LABORATORY, OXFORD. (Received, February 6th, 1948.] 





435. Syntheses and Reactions of M ordenite. 
. By R. M. Barrer. 


Mordenite has been crystallised in good yield from aqueous suspensions of sodium alumino- 

silicate gels of compositions ranging from Na,O,A1,0,,8-1SiO,,nH,O to 

Na,O,Al,O ,12-3SiO,,nH,O, 
the best temperature range being 265—295° ; PH is as important as composition or tem- 
perature in ensuring a yield, and the best results were for a range of pH between 8 and 10 in 
the cold mother-!iquor after crystallisation. 

Simultaneously with mordenite, some analcite was obtained mainly at the silica-poor end 
of the composition range, and some quartz at the silica-rich end. Outside the best tem- 
perature range (265—295°) species other than these three were observed, and yields of 
mordenite decreased. In very alkaline solutions mordenite crystals were readily precipitated 
at first, but tended to redissolve and disproportionate if left too long in contact with the 
mother-liquor at these high temperatures. 


Mordenite undergoes a ready base exchange, nitrates and chlorides giving at least partial 
cation replacements according to the series 


Cat+ = Batt = Kt = NH, = Nat 2 Lit. 
This accords with the open molecular-sieve character of the mineral, and the products when 
dehydrated were themselves good sorbents of gases. 
It is pointed out that zeolites such as mordenite must be regarded statistically as defect 
structures, in which a possibly large number of new configurations introduced by base exchange 
give rise to a configurational entropy term. The occurrence or non-occurrence of exchanges 


of the types Kt = Nat, Cat+ = 2Nat may be influenced by the size of this entropy term 
relative to the corresponding energy changes. 


MorpEnitTeE, (Na,,Ca,K,)O,Al1,0,,10SiO,,6°7H,O, is. one of the most highly siliceous zeolites. 
It is known to occur in reasonable quantity in at least one locality (private communication 
from Prof. A. L. Parsons, Royal Geological Museum, The University, Toronto), and has been 
reported in a variety of others (see Mellor, ‘‘ Treatise on Inorganic and General Chemistry,” 
Vol. VI, p. 748). With one exception (Leonard, Econ. Geol., 1927, 22, 18), its laboratory 
preparation has not been reported. 

Recent work on its sorptive properties has shown that mordenite has a robust three- 
dimensional anionic network, when dehydrated is a sorbent of notable quality, and possesses, 
like chabazite, its own characteristic behaviour as a molecular sieve (Barrer, Trans. Faraday 
Soc., 1944, 40, 555; J. Soc. Chem. Ind., 1945, 64, 130). In the latter respect natural sodium- 
rich mordenite differs to some extent from calcium- and barium-rich mordenites prepared 
hydrothermally from it, although these are also excellent sorbents (idem, ibid.). Because of 
the way in which molecular-sieve sorbents can be used to separate mixtures by selective occlusion 
of those components small enough to permeate the dehydrated lattice, and because of the 
























Typical clusters of synthetic mordenite crystals 
from gel Na,O,A1,03,9-4SiO,,2H,O + aq. at 
275° for 4 days. Magnified 120 times. 
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Numerous small synthetic quartz crystals grown 
from gel Na,O,,A1,03,12-3Si0,,H,O + aq. at 
365° for 3 days. Magnified 120 times. 
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Analcite spheroids, and an unidentified needle-like 
birefringent species grown from gel of composition 
Na,O, Al,03,8-2SiO,,mH,O + Na,CO; ag. at 
216° for 2 days, i.e., below the range of inordenite 
crystallisation. Magnified 120 times. 
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Crystals of synthetic mordenite showing striated 
and wheat-sheaf appearance. Grown from gel 
Na,0,A1,03,10Si0,,H,O + aq. by crystallising 
for 2 days at 295°. Magnified 400 times. 
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Quartz crystal grown for comparison purposes 
from silica gel with K,CO, aq. at 360° for 3 
days. Magnified 200 times. 
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Anhydrous species, grown from gel 
Na,O,Al,03,8-2SiO,,mH,O + Na,CO, aq. 
at 350° for 2 days, i.e., above the vange 
of mordenite crystallisation. Small plate-like 
crystals can be identified in the bottom left 
quadrant. The dark masses in liquids of 
suitable R.I. appear as clusters of elongated 
crystals, possibly quartz, embedded in a matrix. 
Magnified 120 times. 


[To face p. 2159. 
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interest of the zeolites as a mineral group, experiments were conducted to see whether mordenite 
could be made, under what conditions, and in what yields. 


EXPERIMENTAL. 


Previously analysed sodium aluminate (‘‘ Alfloc’”; NaAlO,, 92%, with some Na,CO, and water) 
was dissolved in water, and the requisite volume of the opalescent solution poured into an aqueous 
suspension of silicic acid gel containing a trace of entrained alkali. The mixture quickly became more 
opaque and tended to set. It was variously evaporated to dryness or to a thick consistency at tem- 
peratures not above 110° and sometimes as low as 70—80°.* If dried, the product was powdered before 
being stored for use. Aluminosilicate gels were or of the compositions: Na,O,Al,O,, 
8-2Si0,,nH,O ° Na,O,Al O,,9-36SiO,,nH,O > Na,O,Al, 2° 10-0SiO,,nH,O > Na,O,Al,0,, 10-9Si0,,nH,O > 
Na,0,A1,0,,12-3Si0,,nH,0. Gels of exact mordenite composition were dried in several ways to 
determine whether the conditions of preparation were related to —_ (p. 2162); and also many gels 
poorer in silica were prepared, which, however, proved unsuitable for making mordenite although often 
giving high yields of other crystalline aluminosilicates.f 

Portions of the gel, usually of several g., were then introduced with 10—15 c.c. of water into stainless- 
steel autoclaves of approximately 25 c.c. capacity. The autoclaves were sealed by a screw-top bearing 
on a soft-copper washer, which flowed slightly under pressure to give a vacuum-tight seal. The auto- 
claves were then placed in an air-thermostat operating up to 300°. Alternatively, especially for experi- 
ments above 300°, nichrome-wound furnaces, manually controlled, were used. 

The products were examined under the polarisation microscope, and were investigated as sorbents 
(Barrer, in the press). Sorption was occasionally employed to estimate the yield of mordenite, once the 
presence of that mineral was revealed, since the ratio of the saturation sorption in a synthetic mineral 
and a natural mordenite for a given gas at a given temperature (oxygen at — 185°) gives the percentage 
purity.t For the final proof of the identity of synthetic and natural mordenites, X-ray powder 
photographs were used. 

Pure or A.R. salts were employed in experiments on base-exchange reactions of mordenite. In 
order to promote completeness of reaction, an excess of the exchanging salt was used. This was ground 
with powdered mordenites before addition of 10—15 c.c. of water and heating above 200°. Since the 
products were required intact for sorptive studies, progress of base exchange was for the most part 
followed by determining the displaced calcium in the mother-liquor rather than by destruction of the 
solid in analysis. These base-exchange products were as far as possible freed from entrained salt by 
washing with water at 100°, and then further extracted with water above 200° to ensure that no more 
removable salt remained. 

Results—A number of experiments established that crystallisation readily occurred to = 
mordenite as one of the species, and that best yields were obtained in the range 265—295°. e 
mordenite was obtained, as indicated in Figs. 1 and 2, in the form of matrices of elongated crystallites, 
and as wide, flat crystals with a fibrous or striated appearance. They were feebly birefringent and 
had a mean refractive index of 1-464—1-472. The extinction was nearly parallel (0°+- 15°), but the small 
size of the crystals made their further optical characterisation difficult. The c were further 
established as mordenitic by their sorptive and molecular sieve behaviour (Barrer, loc. cit., 1944; in 
the press) and by a detailed comparison of transient states of flow of gases in them in natural mordenites, 
and in the base-exchange mordenites prepared in this work. X-Ray = photographs of synthetic, 
natural, and base-exchange mordenites gave the spacings ix Table I. There is excellent agreement 
between the sequence of intensities of the lines as well as in the actual spacings for natural mordenite, 
the synthetic sodium mordenite, and sodium mordenite prepared by base exchange. The corres- 
pondence extends within experimental error over as many lines as could be observed. Moreover, 
all the base-exchange products enriched in Na, K, Li, NH,, Ca, or Ba give diffraction patterns clearly 
characteristic of mordenites, showing that exchange can occur without recrystallisation under the 
conditions described in Table III. 

At the gel compositions referred to above mordenite was the dominant species, very high yields 
often being obtained. Other species could also be grown from the same gels, however, which included 

uartz (Fig. 3) and analcite (Fig. 5). These were identified by comparison with synthetic analcites 
see footnote ¢ below, and Barrer, this vol., p. 127) and quartz (Barrer, Nature, 1946, 157, 734) previously 
prepared. ‘ Not all the crystals grown under various conditions from the gels could be identified (e.g., 
Figs. 5 and 6). 

Brief details of the experiments given in Table II provide a clearer idea of the best conditions for 
preparing mordenite. Especially interesting are experiments e, f, and g in Section (iii) of the table. 
A creamy aluminosilicate gel of mordenite composition, which yielded a very alkaline mother-liquor 
both before and after crystallisation, gave little recognisable mordenite after two days at a high pH, 


* Drying at high temperatures tends to insolubilise the aluminosilicate gel, and to lead to poor 
crystallisation under hydrothermal conditions. 

+ The species produced from silica-poor aluminosilicate gels were diverse, and will be discussed in 
later communications. 

t Analcite was also present in many preparations, but pure synthetic analcites have not been found 
to occlude oxygen. 

§ The mean refractive index of natural mordenite may be taken as about 1-475 + 0-005, but 
whereas the synthetic mineral contained only Na as cations, natural mordenites normally contain 
several cations (Na, Ca, K). The extinction angle of mordenite has been reported as about 15°, while 
that of the closely allied zeolite, ptilolite, has been given as 0° (Mellor, op. cit., Vol. VI, p. 748). 
Ptilolite may even be identical with mordenite (Walker and Parsons, Univ. Toronto Geol. Studies, 1922, 
14, 13; but see Schaller, Amer. Min., 1923, 8, 93, 169). 
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TABLE I. 
Spacings in a. of natural, synthetic, and base-exchange mordenites using Cu-Ka 40 kv. 
X-rays. 
Synthetic Base-exchange mordenites. 

Natural sodium ‘ A . 
mordenite. mordenite. Na. K. NH,. Li. Ca. Ba. 
13-5 s 13-4 ms 13-5 m 13-5 ms 13-6 w 13-6 m 13-7 m — 

8-66 s 8-85 ms 8-95 s 9-02 vs 8-90 ms 8-88 s 8-90 s 9-0s 
6-54 s 6-49 ms 6-52 ms 6-65 vvw 659m 6-69 m 6-65 s 6-445 
5-72 m 5-66 mw 5-66 w — 5-88 vw — 5-83 mw 5-78 m 

—_ — —_ 5-37 vw 5:27 vwww Ob l4w me _ 

— — — — — —_— — 4-8l_w 
4-50 s 4-50 ms 452s 4-66 w 4-57 m 4-56 ms 4-55 ms 4-49 s 
3-99 s 3-98 vs 3-98 vs 4-08 vs 402s 3-98 vs 3-99 s 3-97 vs 

— -— — 3-77 w — _ — 3-76 w 
3-40 s 3-42 vs 3-42 vs 3-48 m 3-40 s 3-43 vs 3-48 vs 3-43 vs 
315s 315s 3-16 vs 3-21 ms 3-16 ms 3-19 s 3-17 s 3-21 s 
2-90 ms 2-89 ms 2-83 m 2-99 vs 2-92 vw 2-91 s 2-88 m 2-89 ms 
2-70 vw 2-67 vw aa 2-80 m 2-69 vw 2-73 ms 2-70 vw 2-70 vw 
2-50 m 2-52 m 2-48 mw 2-53 w 2-50 vw 2-50 ms 2-54 mw 2-51 ms 
2-43 w 2-45 vw 2-43 w 2-45 vw 2-42 vw 2-41 w 242 vvw 2-46w 

— — — —_— — — — 2-27 vw 
2-02 mw 2-01 w 2-01 w 2-04 w 2:03 vw 2-04 mw 2-03 w 2-12 vvw 
1-94 mw 1:94 w 1-96 w — 1-94 w 1-95 mw 1-95 vw 1-95 w 
1-85, mw 1-86, w 1-86, w 1-85, vvw 1-86, vw 1-86, w 1-885 w 1-87, mw 
1-78, mw 1-79, w 1-79, mw 1-80. m 1-75, vvw_ 1-80, w 1-79, w 1-79, mw 
1-68, vvw 1-70, vw 1-695 vvw 1-67, vvw_ 1-68, vw — 1-68, w 1-66, vw 
1-64, vvw 1-65, vvw — —_— 1-64, vw _ _ _ 
1-58, vw 1-599 vw 1-61,mw 1-62, vvw 1-59, vvw_ 1-60; vw —_ 1-60, vvw 
1-52, w 1:52, w 1-52, w 1-55, w 152, vvw 1-53, vw — 1-53, mw 
1-47, w 1-47, vw 1-47, vvw 1-49, vw 1-47, vvw 1-48, vw 1-49, vvw 1-47, vw 
1-43, m 1-44, mw 1-44,mw 1-45, vw 1-44, vvw 1-44, vw 1-44, w 1-44, mw 
1-41, vvw 1-40, vw 1-40, w —_ 1-40, vvw 1-40, vw — 1-40, vw 
1:37, vvw 1:37, w _ _— 1:37, vvw 1:37, vvw_ 1-37, vw 1-37, mw 
1:35, vw 1-34, vw 1:34, w 1:35, vw =: 1:34, vvw_s:1-35, vvw od 1-35, vvw 
1:31, vvw == —- — oa — — -— 
1:29, vw 1-29, vw 1:29, vw 1-30, vw 131, vvw 1:29, vvw 1-29, vvw_ 1-29, vvw 
1-26, vw 1-26, vw 1:26, vvw 1:-274vvw 1-25, vvw_ss 11-27, vvw_s 1:26, vvw_s: 1-25, vvw 
1-23, vw 1-23, vvw = 1:24, vvw_i1-24, vw 1-23, vvw 1-24,vvw 1-24, vvw_ 1-24, vvw 
1:21, vvw =: 1-21, vvw —- —- — 1:22, vvw 1-21, vvw_ 1-21, vvw 
1:18, vvw 1-17, vvw — 1-16, vw — 1-17, vvw_ 1-18, vvw —_— 
1-15, vvw 1-15, vvw — _ - =~ —_— — 
1:12, vvw 1-12, vvw a —_ — — 1-12, vvw —_— 


1-09, vvw — —_ ~— 


Col. 1: Mineral supplied by Dr. A. L. Parsons. 

Col. 2: Product of Table IJ, Section (iii), Expt. a. 

Col. 3: From mordenite using saturated NaCl solution, two treatments each of one day at 220°, 
followed by H,O extraction at 220°. 

Col. 4: Products Nos. 7 and 8 of Table III used. 

Col. 5: From mordenite using NH,Cl vapour, two treatments each of one dav at 300°, followed 
by hydrothermal extraction at 220°. 

Col. 6: Product No. 6 of Table III used. 

Col. 7: Product No. 9 of Table III used. 

Col. 8: Product No. 11 of Table III used. 


but gave good yields when the reaction time was shortened to one day or less. Moreover, the mordenite 
crystals which were observed in the ye = | experiment seemed considerably corroded. It is probable, 
therefore, that at ~280° mordenite is unstable over a period in very alkaline media, and, perha 
owing to its high silica content, disproportionates into other products, such as analcite, poorer in 
silica, and possibly sodium silicates poorer in alumina, which, however, were not observed to crystallise 
from the mother-liquor. Since an alkaline medium at 280° initially favours crystallisation as mordenite 
(experiments Z and g), this would appear to be an example of primary precipitation of a thermo- 
dynamically less stable species followed by its subsequent conversion into other species at a rate 
depending upon the alkalinity. 

Although too high a pH accelerates the decomposition of mordenite, none the less a considerable 
measure of alkalinity is needed for good crystal growth in the gel. At too low pH, probably owing to 
a smaller solubility of the gel in such conditions, the crystallisation became retarded and the crystals 
fewer and smaller.* This is in good agreement with the assumption that zeolite formation is favoured 
by an alkaline reaction medium (Lindgren, ‘‘ Mineral Deposits,’” McGraw Hill Book Co., 1919, p. 427). 

* In Table II, Section (v), Expt. 7, a gel Na,O,Al,0,,8-2SiO, was heated with boric acid solution 


S omy ee No mordenite could be detected, and only a few crystals of any kind, the pH after reaction 
ing 7—7°5. 
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TABLE II. 
Hydrothermal crystallisation of aluminosilicate gels, Na,O,A1,0,,mSiO,,nH,O. 
pH of cold 
mother-liquor 
Section Condition of after 
and Expt. crystallisation. reaction. Products and yields. 
Composition of gel: Na,O,Al,0,,12-3SiO, + H,O. 
(i) a2 ~265° for 3 days 10—10-5 Quartz, analcite, some mordenite, and very fine 
needles 
b ~365° for 3 days with 9-5—10 Fine quartz crystals. Large yield of unidentified 
aq. NaHCO, species 
Composition of gel: Na,O,A1,0,,10-9SiO, + H,O. 
(ii) a ~290° for 2 days — Mordenite. Little analcite and rare quartz 
b ~295° for 3 days with —_ Mordenite with a little quartz 
aq. NaHCO, 
Composition of gel: Na,O,Al,0,,10SiO, + H,O. 
(iii) a ~295° for 2 days ~10-0 Good yield of mordenite and a little analcite 
b ~290° for 2 days 9-5—10 $Mordenite. Some analcite 
c ~295° for 2 days ~9-0 Excellent yield of mordenite. Some analcite 
d ~295° for 2 days ~7-5(?) Mordenite, some analcite. Not well crystallised 
e ~280° for 2 days 10—10-5 Rare mordenite, with crystals rather corroded. 
Some analcite 
f ~290° for 1 day ~10°5 Good yield of mordenite and some analcite 
g ~280° for 17 hrs. _ Good yield of mordenite 
Composition of gel: Na,O,Al,0,,9-3SiO, + H,O. 

(iv) a ~290° for 3 days — Considerable analcite and mordenite. A little 
quartz and some masses of needle-shaped 
crys 

b ~275° with NaHCO, — Some mordenite and analcite 
solution for 2 day 

c ~275° for 4 days —- Good yield of mordenite, with some analcite. 

Moisture content of crystals 12-5% 
Composition of gel $ Na,0,Al1,0,,8-2Si0, ++ H,0O. 
{v) a ~210° with aqueous 2n- 8—8-5 Little obvious crystallisation 

CaCl, for 36 hrs. 

b ~ 290° for 36 hrs. 8—8-5 Analcite and mordenite in considerable yield 


o 


~350° for 2 days -—- Quartz, indeterminate masses, and rare small 
needle-like crystals 
d ~216° with 2n-Na,CO, ~10-0 Mainly analcite, with rare, long, dagger-shaped or 


solution for 2 days ribbon-like crystals of » 1-490, often showing 
twinning 

e ~350° with 2n-Na,CO, ~10-0 Some 8- or 6-sided plates of 1-52, often twinned. 

solution for 2 days Clusters of acicular crystals in a matrix. No 


water of crystn. 
f ~290° with 2n-Na,CO, ~10-0 Much analcite and mordenite, and a little quartz 
solution for 1 day - 
~8-0 Excellent yield of mordenite 
A ~290° for 36 hrs. with ~8-5 Fair yield of analcite and mordenite 
borate buffer of initial 
H 7-6 
$ ~295° for 2 days with ~9 Mainly analcite. Some quartz and mordenite 
NaHCO, solution 
j ~275° for 2 days with 7—7-5 Small amount of analcite. Rest indeterminate 
considerable H,BO, 


In syntheses of harmotone, analcite, and several synthetic zeolites, the author has not found any 
exceptions to this rule.* At temperatures of 280—290° mordenite was observed when the pH of 
the cold mother-liquor after crystallisation lay between 7-5 and 10-5; pH’s above 10-5 were not studied, 
and consistently good yields were observed at pH’s of 8to 10. Itis believed that pH can be as important 
a variable in hydrothermal reactions as temperature or composition. 

Table II also shows the great influence of temperature on the nature of the species (e.g., Section v). 
Successful syntheses refer mainly to temperatures of 265—295°. On the other hand, in the ranges 210— 
220° and 350—370° mordenite was superseded by other species, so that the 265—295° range is most 
appropriate for syntheses of this mineral. This temperature range is well above that at which analcite 
first appeared (~180—220°), and the range of its hydrothermal occurrence is much less (analcite was 
still moderately abundant at 300—310° when suitable gels were crystallised). Table II also records 
attempts to trace the influence of varying the thermal histories of the gels upon the yield of mordenite 


* Syntheses of these and other aluminosilicates will be discussed elsewhere. 
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(Section iii). In all experiments a gel was first made by the usual mixing of sodium aluminate solution 
with silicic acid gel in suspension. The creamy gel was used with no further treatment in (iii) e, f, and 
g; but the products used in (iii) a, b, c, and d were obtained as follows 


— gel 


b ( ) 


(a). ; ¢). (a). 
Stood for 48 hrs. and Evaporated at once Stood for 16 hrs. and Evaporated at once 





evaporated to dry- fairly quickly in air- evaporated to dry- to dryness on a 
ness over a water- oven at 110°. ness on a water-bath. water-bath. 
bath. 


Good yields were obtained from all the samples, whatever the thermal history within the above range 
of treatments. All the other gels in Table II were prepared under conditions falling within this range, 
and therefore their preparation need not be individually described. 

Finally, it should be noted that considerable variations in the composition of the crystallising gel 
are possible, and that at the silica-richer end of this —_ quartz often appears in some quantity. At 
the silica-poor end of the range analcite (NaAISi,O,,H,O) is found in increasing quantity. It is thus 
better to keep to the mordenite composition in the parent gel. 

Base-exchange Reactions of Mordenite——The base-exchange reactions of mordenite appear to have 
been little studied (Barrer, loc. cit., 1944), but since the sorptive and molecular-sieve properties show 
the mineral to have an open anionic network structure, base exchange should occur readily. A series 
of hydrothermal treatments using nitrates and chlorides in excess (3—5 g.), several g. of powdered 
mordenite, and 10—15 c.c. of water showed that this was indeed the case (Table III). One sample 
of the natural mordenite used was found to contain : 


% on dry Molar % on dry Molar 
weight. proportion. weight. proportion. 
Bs cccosnnceccscnssescceces 78-5 9-44 CD navavscnvessacecscoss 3-5 0-45 
BRT cocccccocesescncecess 14-1 1-00 Na,O (by diff.) ......... 4- 0-48 (as Na,O) 


Although this analysis may be taken as typical, the ratio of alkali- to alkaline-earth metal may have 
varied among the different samples used for base exchange. 

After any experiment the base-exchanged product was washed thoroughly with distilled water at 
~100°, until the washings were free from salt, and then treated several times with distilled water between 
220° and 250° in an autoclave to ensure that all removable salt was extracted. The samples were then 
submitted to X-ray examination, and to investigation as sorbents and molecular sieves (Table III). 
Specimens of Ca, Ba, K, NH,, Li, and Na mordenites afforded Debye—Scherrer photographs typical of 
mordenite (Table I). Similarly, Ca, Ba, K, Li, NH,, and Na mordenite used as sorbents were found to 
have good sorbent and molecular-sieve properties although modified slightly from those of mordenite 
in characteristic ways (Barrer, in the press). The extraction process, sorptive properties, and X-ray 
data make it clear that the interstitial channels are not blocked by occluded salt. Analysis and tests 
either of calcium or of sodium displaced into the mother-liquor, or of the solid, showed moreover that 
the lattice had been much enriched in the exchanging cation. 

Solids submitted to analysis were those of Table III, Expt. 9, where the CaO content corresponded 
to 0-88 mol. of CaO per mol. of Al,O,;, and of Table III, Expt. 6, where some 15% of the total alkali 
had been replaced by Li,O, a rather less complete exchange than might have been expected from Table III, 
Expt. 2. 

vraken as a whole, data of Table III show that exchanges can involve a wide variety of cations 


expressible by the series 
Ca*+ = Batt = Kt = NH,’ = Na* = Li* 


The diameters of the interstitial channels in natural mordenite are just a little above 4-0 a. at their 
narrowest point (Barrer, loc. cit., 1944), while the ionic diameters of the exchanging cations and their 
associated anions are : 


Ion. Lit. Nat. Kt. NH,*. Cat*. Bat. Cl~. NO,-. 
Diameter (im A.) ........eeeeees 1-20 1-90 2-66 2-86 1-98 2-70 3-62 5-1 


Thus the cations alone should, as observed, diffuse readily in the lattice. The chloride ion might just 
enter, but the nitrate ion could not unless the lattice recrystallised. It was these diameters which 
guided the choice of chlorides and nitrates respectively, as exchangers. In fact, neither anion as a rule 
showed any tendency to be occluded. 

_Base exchanges represented in the above cations series can be of two kinds typified by K+ = Nat 
and Cat+ = 2Na*. On the assumption that the univalent cations occupy all possible sites, it is a 
matter for speculation as to which of the sites are occupied by only half the number of bivalent cations. 
In many zeolites it is true that both uni- and bi-valent cations occur interstitially (e.g., mordenite, 
chabazite, and gmelinite) so that random cation distributions, leaving many vacant sites, may arise. 
In this sense these zeolites are to be regarded as defect structures. The entropy of such crystals may 
be substantially above that of normal crystals, where only one cation configuration is possible. If 
there are N cation sites, N* univalent cations, and N**+ bivalent cations, the distinguishable configuration 

N! 


number yaNF(N — NF 
entropy S, due to this becomes 
S, = k[N In N — N*1n Nt — N**+I1n Nt+— (N — Nt — N**) In(N — N* — N**)) . (1) 





—NFI and, Stirling’s approximations being used, the configurational 
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TaBLE III. 
Typical base-exchange reactions of mordenite. , 
Expt. Reaction Analysis of mother- 
no. Salt. conditions. liquor or solid. Observations. 

1 Nac Two successive hydro- Considerable Ca displaced Excellent mordenite X-ray 
thermal treatments at from mordenite into powder photograph. 
200° and 230°, of 2 and mother-liquor. Quali- Birefringent 
7 days respectively tative test only 

2 ~=«iLiCl Two successive treat- First treatment displaced Molecular sieve sorbent. 
ments as above at 220°, 161% CaO; 2nd dis- Birefringent 
each of ~1 day og 0-29% CaO (by 

wt. 

3 NH,Cl Two successive treat- 1-66% CaO displaced in Molecular sieve sorbent. 
ments with NH,Cl lst treatment and 0-15% Birefringent 
vapour at 250° and in 2nd (by wt.) 
290°, each of 2 days 

4 CaCl, Two successive treat- Solid free from incorpor- Good mordenite X-ray 
ments at 200°, each of ated Cl wder photograph. 
~3 days irefringent 

56 NaNO, Two successive treat- First treatment displaced Birefringent 
ments at 222°, each of 1-41% CaO, 2nd dis- 
nearly 1 day > oes 0-31% CaO (by 

wt. 

6 LiNO, Two successive treat- Analysis of alkali and Birefringent. X-Ray 
ments at 250° of 2 days alkaline-earth metals in photograph similar to 
and 1 day respectively solid showed 15% re- that of mordenite. Mol- 

placement by Li ecular sieve solvent 

7 KNO, Two successive treat- First treatment displaced Sorbent of molecular-sieve 
ments at 222°, each of 1-62% CaO; 2nd dis- . X-Ray pattern 
1 day placed 0-37% CaO (by similar to that of mor- 

wt.) denite. Birefringent 

8 KNO, Two successive  treat- — X-Ray pattern similar to 
ments at 200°, each of that of mordenite. Bi- 
3 days refringent 

9 Ca(NO,), Three successive treat- Solid analysed: 88% of Molecular sieve sorbent. 
ments at 225°, each 1 total alkali was now Birefringent 
day CaO 

10 Ca(NO,), Two successive treat- Considerable Na displaced Good sorbent as above. 
ments at 265°, of 2 and from mordenite in Ist X-Ray pattern similar 
3 days respectively treatment (tested by to that of mordenite. 
zinc uranyl acetate) Birefringent 
11 Ba(NO,), Three successive treat- Much Na displaced from Molecular sieve sorbent. 


ments at 260°; 34, 23, 
and 1} days respect- 
ively. 


mordenite in first treat- 
ment. Little Na dis- 
placed in last two 


X-Ray pattern similar 
to that of mordenite. 
Birefringent 


If all the bivalent cations are replaced by an electrochemical equivalent of univalent cations, and if 


the total number of univalent cations is 
If, however, the bivalent cations replace 


s.e., there is an increase in entropy during replacement of univalent by bivalent cations. 


S++ =Nkin2 . 


ual to the number of sites, substitution in (1) gives S+, = 0. 
the univalent ones, one has N+ = 0, N** = 


4N, and so 


eh dean te, ae 


There is at 


the same time likely to be a change in internal energy, because there is a change in the local neutralisation 
of anionic charge in the crystal on the smallest possible scale and also because of a changed bonding 
energy of interstitial water molecules associated with the cations. Now the net free-energy change 


for replacement is : 
AG*++ = AH*t+ — TAS. . . 2. © © © © «© © 


and whether replacement of uni- by bi-valent cations will occur or not depends on the relative sizes 
and signs of the two terms on the right-hand side of (3). For example, if each is of the same order of 
magnitude, and the same sign, one may have exchange going in either direction (chabazite, mordenite, 

elinite); if AH*+ is larger than TAS*+, replacement of uni- by bi-valent cations will be limited 
fanalcite) and if AH++ < TAS**, bivalent cations will be little replaced by univalent ones. At the 
temperature of the exchange reactions in this paper TAS,*+ is likely to contribute not more than 800 
cals. /g.-ion to the over-all value of AG.* 
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* AS,*+* is, however, only part of the over-all entropy, AS, of exchange. 
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436. Colour Reactions and Adsorption of Some Aluminosilicates. 
By H. WEIL-MALHERBE and J. WEIss. 


It is known that a number of substances such as aromatic amines and vitamin-A produce 
deep colours on certain aluminosilicate minerals. These phenomena have been investigated 
and it has been found that two different mechanisms are responsible for this. 

Reactions similar to that of vitamin-A can be produced with other molecules possessing 
a system of conjugated double bonds, ‘and these colour reactions are observed only if the 
aluminosilicate possesses the functions of an acid. Itis thus closely related to the phenomenon 
of “‘ halochromy ” and is due to the formation of salt-like surface compounds, the conjugated 
system acting as base. In the case of benzidine and related substances the colours produced 
are due to the oxidative formation of radicals by certain metal ions of the crystal lattice (e.g., 
Fe*+). The corresponding adsorption isotherms have been investigated in some detail. The 
significance of these reactions for the catalytic action of aluminosilicates is discussed. 


In recent years a number of colour reactions attendant upon the adsorption of various sub- 
stances on aluminosilicate minerals have been described, particularly those produced by 
benzidine and other aromatic amines (Hauser and Leggett, J. Amer. Chem. Soc., 1940, 62, 
1811; Kriger and Oberlies, Ber., 1941, 74, 1711; Naturwiss., 1943, 31, 92) and those produced 
by vitamin-A and other carotenoids (cf. Meunier, Bull. Soc. chim., 1946, 18, 73, 77). However, 
no clear distinction between these various groups of colour reactions has been made, and little 
is known about the mechanism of colour formation. We have investigated the ability of some 
silicate minerals to produce coloured adsorption compounds and, as a result, a classification 
of these phenomena now seems possible. In addition, the adsorption isotherms of colour- 
producing and non-colour-producing systems were studied. 

Aluminosilicates which occur in Nature as various clays are of great importance as catalysts, 
é.g., in the isomerisation and cracking of hydrocarbons. Since our results contribute to the 
understanding of the chemical reactivity of these compounds, they may also have some bearing 
on their catalytic action. 

(1) Colour Reactions.—Our results indicate that there are two mechanisms underlying 
colour formation : 

(i, a) In the first group, colour formation is presumably due to an acid—base type of reaction. 
Substances which are known to give deep colours with strong acids such as concentrated 
sulphuric acid (cf. Hammett, ‘‘ Organic Chemistry,’”” McGraw-Hill, 1941) also produce identical 
or very similar colours upon adsorption on suitable clays. A number of these halochromic 
substances owe their electron-donating, i.e., basic, properties to a system of conjugated double 
bonds, e.g., dicinnamylideneacetone, dianisylideneacetone, and similar ketones, and vitamin-A 
and other carotenoids. Their basic character is, however, so weak that the coloured salts 
are easily hydrolysed by water. Others, like dimethylaminoazobenzene and other azo-dyes, 
are stronger bases and are able to form coloured ions even in an aqueous medium. The two 
classes of compound show an analogous behaviour towards adsorbing clays. As shown in 
Table I the clays react like acids, and this can be modified by suitable treatments. Pre- 
treatment with hydrochloric acid usually enhances the intensity of the colour reactions; on™ 
the other hand, dicinnamylideneacetone and vitamin-A, which are very weak bases, are no longer 
chromogenic on ammonia-treated clays. Owing to their stronger basicity, azo-dyes still show 
the colour of their ions, though with reduced intensity, on clays after ammonia-treatment. 
The inhibition of the colour reactions by ammonia treatment is reversible by acid treatment 
and vice versa. 

(i, 6) The colour production in the second group is presumably due to an oxidation— 
reduction mechanism. An example is the colour reaction of benzidine (Hendricks and Alexander, 
J. Amer. Soc. Agron., 1940, 32, 455; Endel, Zorn, and Hofmann, Angew. Chem., 1941, 54, 376) 
and of other aromatic amines studied more recently by Kriger and Oberlies (loc. cit.) and by 
Hauser and Leggett (/oc. cit.). The benzidine-blue reaction is known to be due to the oxidation 
of benzidine to the univalent benzidine cation (cf. Weiss, Chem. and Ind., 1938, 57, 517) : 


We found that the colour reaction of clays with benzidine remained unaffected by pre- 
treatment of the clays with acids or bases, but it was generally suppressed after the clays had 
been refluxed with a solution of 10% stannous chloride in concentrated hydrochloric acid. 
The colour reactions given by the halochromic substances of group (i, a) are unaffected by 
this treatment. 
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TABLE I. 
Colour reactions on aluminosilicate clays.* 
Substrates dissolved in benzene (approx. 0-01 mg. per cent. solutions). 


Dicinnamylidene- 

Adsorbent. Benzidine. acetone. Vitamin-A. Azo-dyes. 
A. Untreated clays. 
RIED. scckcdgebadnburbesaierenerssseungantes + + + + 
PUREED ORE 2. cdecisccccccscsscsecscccoses + oe + + 
Bentonite...........ceccccccccscecccscecccecs + - _ (+) 
Montmorillonite ...........ceseceesereeeees (+) + + + 
BENGE cnsccncnssccnsassencocevopnennagsccsess (+) oP + + 
B. After hydrochloric acid treatment. 
Clarit .....ccccccccscsccccccccccscscscccscecs + + ao + 
Fuller’s earth ..........scecseseeeeeeeeeeees + a + + 
Bentonite  ......ccccccccccccccecccccccccees + + aa + 
Montmorillonite ...........c.ccecccccscceee (+) + + of 
TREE coccccevcceccsrscosesoconcossossccncoce (+) o + + 
C. After ammonia treatment. 
GEE. cecneresecccecesconcscccnetesessoocoses —_— _— +) 
Fuller’s earth ..........sccececesseeeeeeeeee + — — +) 
PI ccsasoisscdinacervevbetnaneievessns ~ — — +) 
DEOREMOTTORIOD 2... ccccsvesecsesavescccnecs (+) a —_— (+) 
TIE incnsinncsnsersenncmnasspnrtionaniecans (+) =“ ~ (+) 
D. After stannous chloride treatment. 
Clazit .....crccccccccccccccccccccccocovsocees - 4+ oF + 
Fuller’s earth ...........ceceeeeeeeeeeeeees - - + + 
Bamtomite.......cccccccrcccccccccccccccccccecs (+) ~ + + 
PEOURUREEEOGEND ccccccesevcsescsesecesceses _ + + + 
FERGIE ccccccccncnvercdcoconesssocsososocesese - + + + 


* + positive, (+) weakly positive, — negative. 


Our specimens of montmorillonite and kaolin gave only a feeble benzidine reaction, which 
appeared after several minutes and slowly increased in intensity. This slow development 
of colour was in marked contrast to the instantaneous reactions observed in group (i, a) and 
in itself suggests a different reaction mechanism. Stannous chloride treatment completely 
suppressed the benzidine reaction of these two clays, as also of fuller’s earth and clarit; with 
bentonite only a partial inhibition was obtained. Refluxing with concentrated hydrochloric 
acid alone or treatment with sodium sulphide and oxalic acid (cf. Dion, Soil Sci., 1944, 58, 
711), which is supposed to remove the loosely bound intermicellar iron, had no effect. This 
suggests that the colour formation, influenced by stannous chloride treatment, is related: to 
lattice-bound oxidising ions, most probably ferric ions, and the assumption is further supported 
by the analysis of fuller’s earth and clarit before and after stannous chloride treatment, showing 
a decrease of iron content (Table II). It is possible that the remaining iron has been reduced 
to the inactive ferrous form by stannous chloride. 

Heating with concentrated hydrochloric acid in a sealed tube at 150° completely destroyed 
both the colour-producing properties and the adsorption capacity of all clays. X-Ray analysis 
of the minerals thus treated showed that their natural structure had disappeared. Colour 
formation and adsorption therefore depend on the crystallographic structure. 


TaBLE II. 
Iron content of clays before and after stannous chloride treatment. 
Substance. Treatment. Fe, %. Benzidine reaction. 
SATE cccesscenccsseseccennswcsonnsete HCl-treated (refluxed) 1-54 + 
SnCl,-treated 0-42 ~ 
FI BEIT ccccecccesccccesocccsocs HCl-treated (refluxed) 1-13 So 
SnCl,-treated 0-73 - 


(2) Adsorption Properties—Since both colour production and adsorption are surface 
phenomena, their mutual relationship was investigated by determining the adsorption isotherms 
of systems consisting of a chromogenic substance and an adsorbent clay which was either in 
a state in which it gave a positive colour reaction or in which the colour production had been 
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prevented by a suitable treatment. In practically every case the adsorption could be repre- 
sented by the Freundlich isotherm q = ac", where at equilibrium, g = millimols. of solute 
adsorbed per g. of adsorbent, c = concentration of the solute in the supernatant solution 
(mol./l), and a and ~ are constants. The value of m in the above equation was determined 
graphically from the log g-log c curve; the constancy of the values for a provides a test for 





TaBLE III. 
Adsorption isotherms calculated according to the equation q = ac®. 
Adsorbent, 
Adsorbent. Substrate. mg. 10° q. 10° c. n. a 
Bentonite, HCl-treated Benzidine 76 252-3 0-0532 0-680 
33-2 219-6 0-0158 0-101 0-669 
90-4 263-9 0-0956 0-670 
179-9 343-8 1-263 0-673 
Fuller’s earth (Redhill), SnCl,- Benzidine 13-5. 117-1 0-232 2-196 
treated 38-9 147-2 0-452 0-350 2-187 
94-9 200-9 1-119 2-173 
177-6 293-3 3-161 2-205 
Bentonite, SnCl,-treated AAT * ¢-7 96-2 0-258 0-183 
39-8 100-5 0-555 0-078 0-180 
131-0 110-4 1-755 0-181 
148-0 128-2 10°51 0-183 
Bentonite, HCl-treated DCA t 101 59-2 0-230 0-177 
34-7 60-4 0-629 0-132 0-159 
76-0 79-1 2-293 0-175 
147-0 89-9 7-842 0-170 
* AAT = 4-Amino-2’ : 3-azotoluene. 
+t DCA = Dicinnamylideneacetone. 
TABLE IV. 
Constants of the Freundlich adsorption isotherm, and colour formation of some clay 
minerals.* 
Determination. AAT. DCA. Benzidine. Determination. AAT. DCA.  Benzidine. 
Bentonite, untreated. Fuller’s earth (a), NH,-treated. 
Colour (+) Colour (+) - ao 
a 1-47 a 0-073 3-60 2-70 
n 0-94 n 0-25 0-89 0-39 
Bentonite, HCl-treated. Fuller’s earth (a), SnCl,-treated. 
Colour + + Colour + _ 
a 0-170 0-67 a 2-00 2-20 
n 0-13 0-101 n 0-64 0-35 
Bentonite, NH,-treated. Fuller’s earth (b), HCl-treated. 
Colour (+) _ + Colour + 
a 0-196 1-42 1-71 a 0-50 
n 0-72 0-668 0-33 n 0-062 
Bentonite, SnCl,-treated. Fuller’s earth (b), NH,-treated. 
Colour + Colour 
a 0-182 a : 0- 
n 0-078 n 0-169 


Fuller’s earth (a), untreated. Clarit, HCl-refluxed. 
Colour a Colour + 
a 0-98 a 1-50 
n 0-42 n 0-21 















Fuller’s earth (a), HCl-treated. Clarit, SnCl,-treated. 
Colour + + Colour ood 
a 1-56 “90 a 





Fuller’s earth (a), HCl-refiluxed. Montmorillonite, HCl-treated. 
Colour oe Colour (+) 
a 1-33 a 1-59 
n 0-218 n 0-25 


* Fuller’s earth: (a) from Redhill, Surrey; (b) supplied by British Drug Houses Ltd. 


t 
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the validity of the adsorption isotherm. The deviations from the mean value of a were small 
throughout. Space does not permit the full communication of our results but a few typical 
examples are reproduced in Table III. In Table IV values of « and for various adsorbents 
have been correlated with the colour formation. 

The adsorption experiments show that adsorption may be relatively strong even when the 
colour reaction is negative. It is clear, however, from the figures of Table IV that the character 
of the adsorption isotherm does not remain unaltered by a treatment which destroys the colour 
reaction. There seems to be a general tendency for both the constants « and to assume low 
values if the adsorbent is or becomes strongly colour-positive. In order to understand the 
significance of these changes it is necessary to consider a theoretical interpretation of the 
Freundlich isotherm. Such treatments have been given by Henry (Phil. Mag., 1922, 44, 689) 
and Zeldovitch (Acta Physicochim. U.S.S.R., 1934, 1,961). More recently Cremer and Fligge 
(Z. physikal. Chem., 1938, B, 41, 453) and Halsey and Taylor (J. Chem. Physics, 1947, 15, 624) 
have discussed this problem. Our own treatment, which was arrived at independently, 
is practically identical with that of the last-named authors. It can be briefly summarised as 
follows : 

The Langmuir adsorption isotherm for a single type of adsorption location can be expressed 
in the form given by Fowler (Proc. Camb. Phil. Soc., 1935, 31, 260) : 


_ _Nyc(T)et!RT a) 
9a) ae tt 


where x denotes the heat of adsorption, c the concentration of the solute (or pressure in the 
case of a gas), N, the total number of adsorption locations (e.g., per cm.* of surface); A(T) is 
a function of the temperature (independent of y and c) and contains the partition functions 
of the adsorbed and unadsorbed molecules. For an adsorbent with regions of different 
adsorption locations one obtains : 


eo 
cA(T)ex/RT 
cs ————— Niy)dy . -. « « « « (2 
= | ary eatrpermny NOR ” 
if N(x)dxy is the number of locations with adsorption energies between yx and (x + dy). 
Assuming that the adsorption energies follow a Boltzmann distribution given (with the 
proper normalising factor) by 








N(x)dy = (N,/RO)e-2/P0.dy 2 2 ww ew ee (8) 


where R6( = y,) can be regarded as the minimum mean adsorption energy it can be shown 
that if this is introduced into equation (2) one obtains finally : 





Ac) (Ac)? 
RT/ acai as ia. Ea ™ 6 © 2 oe 
y= n BE | 9 “= (Ete) G-2)G-%) I. (4) 
a Xm Xm Xm 
which for small values of (Ac) reduces to 
RT T 
N,— APT lim RT 
~ a a ee ee ee 
q Xm (sin =") c (5) 
Xm 


This is of the same form as the equation of the Freundlich isotherm (¢ = ac") if one puts 
n= RT/ym, = T/6 
RT 


In general, the smaller the adsorption energy (the smaller y,,), the greater is the exponent n. 
Small values of » are thus connected with high values of x, which means high adsorption 
energies, i.¢., approaching chemisorption and indicating a chemical process on the surface. 
On the basis of this theoretical interpretation one can conclude that colour formation is con- 
nected with adsorption on centres of high adsorption energy probably involving chemical 
interaction. A value of RT/y, nearer to unity (y,~ RT) would indicate a predominantly 
‘* physical ”’ interaction. 
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The question is as to how these chemical surface reactions can be explained. The formation 
of benzidine-blue and the oxidation of aromatic amines is relatively easy to understand, as 
this is obviously due to an oxidation of the amine by lattice-bound metal ions. 

The action of aluminosilicates as strong acids in the halochromic colour reactions is less 
obvious. It can, however, be understood from certain ideas proposed by Pauling (‘‘ The 
Nature of the Chemical Bond ”’, Cornell University Press, 2nd ed., 1947, p. 396). It is known 
that the aluminosilicates represent a complete framework of linked tetrahedra involving 
(Si**), (Al*+), and (O?-) ions. Al(OH); and Si(OH), are very weak acids as the O*~ is acted upon 
in each case by a total bond strength of 1 from the central atom thus leaving one full bond 
strength on the O- atom for the binding of the hydrogen atom. This is different in the alumino- 
silicates where one has (Si*t . O?-) tetrahedra with corners shared with Al** tetrahedra. An 
(O2-) ion which is common to an (Al§*+) and an (Si**) tetrahedron is thus acted upon by a total 
bond strength of (4/4 + 3/4) = 7/4 bond strengths, leaving only (2 — 7/4) = 1/4 for the 
binding of the hydrogen atom : thus a strong acid results. 

On the basis of this simple picture the strength of this acid should be comparable to that 
of perchloric acid, HClO,, where each oxygen atom is also held by a bond strength of 7/4. 
Treatment of an alkali salt of the aluminosilicate with acid will liberate the acid and the surface 
of the acid-treated clay will become strongly proton-donating. 

(3) The Action of Silica—Alumina Catalysts.—It is know that silica~alumina catalysts, 
under suitable conditions, can bring about all the types of chemical reaction which are generally 
associated with catalysts of the nature of a strong acid (e.g., alkylation, dealkylation, cracking, 
Friedel-Crafts reactions). It is also known that in these processes the first and essential step 
is the formation of a positive carbonium ion which is formed, e.g., by the addition of a proton 
from the catalyst. These positive ions are relatively unstable and undergo characteristic 
changes leading to the reactions mentioned above (cf. Whitmore, J. Amer. Chem. Soc., 1932, 
54, 3276; Hansford, Ind. Eng. Chem., 1947, 39, 849). 

In the case of the silica-alumina catalysts these positive ions are formed on the surface of 
the catalyst with the protons from the catalyst surface. 

It has been shown above that these protons are also responsible -for a certain type of 
colour reaction! (e.g., with dicinnamylideneacetone) and it is thus clear that this colour 
teaction should be a useful indication of the proton-donating properties of the surface and thus 
of its catalytic activity. Experiments to correlate these two functions are now in progress and 
will be reported in due course. 

EXPERIMENTAL. 

Adsorbents used.—Bentonite was from Wyoming, U.S.A., fuller’s earth as noted in Table IV, clarit 
from Messrs. Lever Bros., montmorillonite from the Rhén Mountains, Germany, and kaolin was a 
commercial sample of unknown origin, labelled ‘‘ acid washed ”’. 

Treatment of Adsorbents.—‘‘ HCl-treated "’: the adsorbent was stirred at room temperature with 
50—100 vols. of concentrated acid and centrifuged. The treatment was twice repeated and the 
adsorbent was finally washed with three changes of distilled water. 

“HCl-refluxed ’’: the adsorbent was refluxed for 30—60 mins. with 50—100 vols. of con- 
centrated acid. After cooling, it was washed on the centrifuge first with concentrated hydrochloric 
acid, then several times with distilled water. NH,-treated: a sample which had previously been 
treated with hydrochloric acid was stirred for 30 mins. at room temperature with 50—100 vols. of 
n-NH,, centrifuged, and washed with several changes of 10% ammonium acetate on the centrifuge. 

“‘ SnCl,-treated ”: the adsorbent was refluxed for 30—60 mins. with 50—100 vols. of 10% solution 
of stannous chloride in concentrated hydrochloric acid. After cooling it was washed on the centrifuge 
first with concentrated acid, then several times with distilled water. 

All adsorbents were dried at 120° for about 12 hours, ground to a fine powder and passed through 
a 150-mesh sieve. They were stored over anhydrous calcium chloride. 

Subsirates.—Vitamin-A solutions were prepared by dissolving the content of one “ Adexolin”’ 
capsule (Glaxo Ltd.) in about 50 ml. of benzene. Dicinnamylideneacetone was prepared by the method 
of Baeyer and Villiger (Ber., 1905, 38, 582); it produced a deep violet colour. 4-Amino-2’ : 3-azotoluene 
was a recrystallised commercial preparation; it produced a purple colour on acid clays. Benzidine 
was purified by conversion into the hydrochloride, recrystallisation from water, regeneration of the 
base, and recrystallisation from 95% ethanol. 

Other substrates used for colour tests were: f-carotene (Roche Products Ltd.) (blue colour) ; 
2-amino-4’ : 5-azotoluene (green colour); -dimethylaminoazobenzene (red colour); anisylidene- 
acetone (red colour); dianisylideneacetone (purple colour); dibenzylideneacetone (yellow colour). 

Adsorption Isotherms.—For each test four samples of adsorbents, weighing roughly 10, 30, 100, and 
200 mg., were filled into tared 10-ml. ampoules, dried overnight at 120°, and weighed. Five ml. of 
a solution of the substrate in benzene, usually containing 0-5, 1-5, or 15 mg., were added. The ampoules 
were sealed and shaken at room temperature (18—20°) for 4—5 hours. The concentration of the 
supernatant solution was then determined by the following methods : Aminoazotoluene was determined 
by direct colorimetry of the original benzene solution. Dicinnamylideneacetone: an aliquot of the 
benzene solution containing between 10 and 100 g. was evaporated to dryness in a vacuum and 10 ml. 
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of a saturated solution of antimony trichloride in chloroform (dry and free from ethanol) were added. 
Determination by colorimetry followed. Benzidine: an aliquot of the benzene solution containing 
10—100 yg. was evaporated to dryness in a vacuum and taken up in 2 ml. of 0-2n-hydrochloric acid. 
After diazotisation and coupling with N-(l-naphthyl)ethylenediamine dihydrochloride according to 
Klein (Ind. Eng. Chem. Anal., 1944, 16, 536) a colorimetric estimation was carried out. 

All absorption measurements were done photoelectrically with the aid of suitable filters after 
calibration curves had been established with standard solutions. 


Our thanks are due to Dr. G. Nagelschmidt, English Clays Lovering Pochin Co. Ltd., for supplying 
some of the clay minerals used in this investigation. 


UNIVERSITY OF DURHAM, 
Ki1nG’s COLLEGE, NEWCASTLE-ON-TYNE, 1. (Received, February 14th, 1948.) 





437. Products of Nitration of Some Derivatives of Dimethylaniline, 
Auramine, and Crystal-violet. 


By S. Gatinowski and T. URBANSKI. 


Nitration of auramine yields 3:5: 3’ : 5’-tetranitro-4 : 4’-bismethylnitroaminobenzo- 
phenone previously obtained by Van Romburgh (Rec. Trav. chim., 1887, 6, 368) by nitration of 
Michler’s ketone. 

Nitration of crystal-violet yields 3:5: 3’: 5’: 3”: 5”-hexanitro-4: 4’ : 4”-trismethyl- 
nitroaminotriphenylcarbinol ; this, under the action of dilute alkalis or acetic anhydride, loses 
a molecule of nitric acid and yields a corresponding quinoneimine which, with addition of 
nitric acid, regenerates the original carbinol. 


IF auramine is nitrated by adding a solution of its hydrochloride in sulphuric acid to an excess 
of concentrated nitric acid, a crystalline product is precipitated, which is identical with 
3:5: 3’ : 5’-tetranitro-4 : 4’-bismethylnitroaminobenzophenone, prepared by Van Romburgh 
(loc. cit.) by nitration of Michler’s ketone. Hence, it is evident that in the course of the nitration 
- the imino-group of auramine is hydrolysed to the carbonyl group. 

The same result was obtained when nitration was carried out in presence of acetic anhydride 
or phosphoric oxide instead of sulphuric acid. Also acetylation of the imino-group with acetic 
anhydride before nitration does not prevent this group from being transformed into a carbonyl 
group. Further, we attempted unsuccessfully to form a nitroimino-group by the action of 
dehydrating agents, such as acetic anhydride alone or with sulphuric acid, zinc chloride, or 
phosphoric oxide on auramine nitrate. 

The nitration of crystal-violet was carried out by dissolving the sulphate of the base in 
concentrated sulphuric acid and adding the solution to concentrated nitric acid. A strongly 
exothermic reaction accompanied by gas-evolution occurs, and crystalline 3: 5: 3’: 5’: 3” : 5”’- 
hexanitro-4 : 4’ : 4’’-trismethylnitroaminotriphenylcarbinol (I) is precipitated. This substance 
is acidic and gives a sodium salt on reaction with sodium methoxide. 

The colourless product (I) or its sodium salt, boiled with dilute sodium hydroxide, furnishes 
the yellow quinonoid compound (II) and a substance soluble in alkalis, probably 
3:5: 3’: 5’: 3” : 5’-hexanitroaurin (III). The proportion of the products (II) and (III) 
varies according to the concentration of the alkali with which (I) is boiled: the lower this 
concentration the higher the proportion of (II). 

The formation of (II) is accompanied by that of sodium nitrate. This, however, was obscured 
by the simultaneous formation of (III) and of sodium nitrate and nitrite and methylamine. 

The imide (II) can be prepared from (I) by boiling it with acetic anhydride. This is accom- 
panied by strong evolution of nitrogen and carbon dioxide, probably owing to the reaction 
between nitric acid and acetic anhydride at high temperature. 

Both products (I) and (II) were oxidised by chromic anhydride in presence of acetic anhydride 
and furnished 3 : 5: 3’ : 5’-tetranitro-4 : 4’-bismethylnitroaminobenzophenone (above). 

(I.) OH-C[C,H,(NO,),"NMe-NO,], 
(II.) NMe:C,H,(NO,),:C[C,H,(NO,),*NMe-NO,], (III.) OH-C[C,H,(NO,),-OH], 


The product (II) is soluble in methyl-alcoholic sodium methoxide and can be precipitated 
unchanged by acidifying the solution with dilute acid. 


EXPERIMENTAL, 


Nitvation of Auramine.—Auramine hydrochloride monohydrate (20 g.) was dissolved in concentrated 
sulphuric acid (100 g.) and the solution was added dropwise during ca. 1 hour with stirring to anhydrous 
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nitric acid (100 g.) at 60—70°. The reaction proceeds with evolution of gas and precipitation of 
3:5: 3’ : 5’-tetranitro-4 : 4’-bismethylnitroaminobenzophenone (27 g., 85%). Crystallised thrice from 
nitrobenzene and benzene or from concentrated nitric acid, it had m. p. 200°, unchanged when mixed 
with the product prepared according to Van Romburgh from Michler’s ketone (Found: C, 35-3; N, 
21-5. Calc. for C15H 1 O13Ne : C, 35-3; N, 21-9%). 

3:5:3': 5:3” : 5”-Hexanitro-4:4': Ai yan mene pe a pee yn (I).—Crystal-violet 
hydrochloride (13 g., 100% purity) was dissolved in concentrated sulphuric acid (100 g.), and the solution 
added dropwise during 2 hours with stirring to anhydrous nitric acid (150 g.) at 60—-70°. The crystalline 
product (1) was precipitated, and was filtered off, washed, dried (22—24 g., 88—96%), and recrystallised 
from nitric acid (d 1-50); decomp. 228° (capillary tube) [Found: C, 34-3; H, 2-7; N, 22-7; NO, 
(nitrometer), 18-3. C,.H,,0,.N,,. requires C, 35-1; H, 2-1; N, 22-3; NO, (nitroamine), 18-4%]. 

Sodium salt. The substance (I) was suspended in methyl alcohol and a 5% solution of sodium 
methoxide in methyl alcohol was added dropwise with stirring until complete solution of (I) took place. 
A small excess of (I) was then added to avoid any excess of methoxide, and the solution was filtered 
and evaporated under reduced pressure. A brown sodium salt remained. It was not analysed as it 
could not be purified from any solvent. On reaction with hydrochloric acid, it regenerated (I). 

Action of Alkalis on (1).—The substance (I) (37 g.) was boiled with a 2% solution of potassium hydr- 
oxide by injecting steam for 30 minutes. The vapours were trapped in dilute hydrochloric acid. The 
liquid turned brown, methylamine distilled over, and the yellow suspension of 2 : 6-dinitro-4-bis-(3’ : 5’- 
dinitro-4’-methylnitroaminophenyl)methylene-N-methylsemiquinone (II) was filtered off (16 g.). Crystal- 
lised from acetic acid, it had m. p. 210° (decomp.) [Found: C, 39-5; H, 2-7; N, 21-5; NO, (nitro- 
meter), 13-0. C,,H,,0,,N,, requires C, 38-3; H, 2-2; N, 22-3; NO, (nitroamine), 13-3%). 

Examination of the By-products of the Formation of (II).—The filtrate from (II) was acidified with 
hydrochloric acid and a precipitate, possibly 3 : 5 : 3’ : 5’ : 3’: 5’-hexanitroaurin (III) (10 g.) was filtered 
off. It could not be satisfactorily purified and was not analysed. When heated (8 g.) with nitric acid 
(d 1-50) at 100° for 20 hours it yielded picric acid (1-5 g.). The filtrate from (III) contained nitrous and 
nitric acid. 

Action of Acetic Anhydride on the Product (I).—The substance (I) (50 g.) was boiled under reflux 
with acetic anhydride (250 c.c.) for 6 hours. Evolution of nitrogen and carbon dioxide (3-3 1.) occurred. 
The product (II) (35 g.), which crystallised after addition of water (50 c.c.), was identical with that prepared 
as described above. 

Oxidation of (I) or (II).—The substance (I) or (II) (20 g.) was boiled for 10 mins. with acetic anhydride 
(100 c.c.) and then a solution of chromic anhydride (10 g.) in acetic anhydride (50 c.c.) was added drop- 
wise, and the whole boiled for 30 minutes. The resulting solution was poured into water, and the precipitate 
filtered off, and identified as 3: 5: 3’ : 5’-tetranitro-4 : 4’-bismethylnitroaminobenzophenone. 


The authors thank the Director General of Scientific Research (Defence), Ministry of Supply, for 
permission to publish the work. 
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438. Alkaloids of Daphnandra Species. Part I. Repandine. 


By I. R. C. Bick and A. R. Topp. 


Repandine, C,,H,,O,N,, an alkaloid from D. repandula, is shown to have structure (III; 
R = H) or (IV; R = H) and to be an optical isomer of oxyacanthine. Bisbenzylisoquinoline 
alkaloids have not hitherto been reported in plants of the family Monimiacez. Repandine is 
also shown to be identical with a base obtained in small amount by v. Bruchhausen and Schulze 
(Arch. Pharm., 1929, 267, 623) from a specimen of oxyacanthine and believed by them to be an 
artefact. It is considered that, in fact, traces of repandine occur together with oxyacanthine 
in at least one Berberis species. 


TREES belonging to the genus Daphnandra (family Monimiacee) are native to Australia and 
occur in coastal regions of Queensland and northern New South Wales. The presence of 
alkaloids in the bark of Daphnandra species was first reported by Bancroft (J. Proc. Roy. Soc. 
N.S.W., 1886, 20, 69; Proc. Roy. Soc. Queensland, 1887, 4,13; Austr. J. Pharm., 1887, 2, 103), 
and much later Pyman (J., 1914, 105, 1679) isolated three alkaloids daphnandrine, C,,H,,0,N,, 
daphnoline, C,,H,;,O,N, or C,,H,;,0,N,, and micranthine, C,,H,,0,N,, from D. micrantha. 
Beyond characterisation, analysis and a description of certain colour reactions, no chemical 
investigation of these substances appears to have been made, although Pyman (loc. cit.) records 
a pharmacological examination by Dale which showed them to have relatively low toxicity. 
Recently, the remaining three species have been examined by Bick and Whalley (Univ. of 
Queensland Papers, Dept. of Chemistry, 1946, 1, No. 28; 1947, 1, No. 30; 1948, 1, No. 32, 
in the press). These workers isolated from D. repandula two new alkaloids, repanduline, 
CyH,,O,N,, and repandine, C,,H,,0,N,, from D. Dielsii repanduline and from D. aromatica 
daphnoline, and a third new alkaloid of formula C,,H,;,0,N, which they named aromoline. 
Some years ago one of us (A. R. T.) in collaboration with Dr. E. S. Ewen commenced a study of 
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the alkaloids of D. micrantha using the material isolated by the late Dr. Pyman and kindly 
supplied by him. This study was left unfinished as a result of war circumstances, but material 
for a more comprehensive investigation being now available the present authors have taken it 
up again and extended it to cover in addition the new alkaloids isolated by Bick and Whalley 
(loc. cit.). The earlier study above mentioned had revealed that daphnandrine and daphnoline 
were almost certainly members of the bisbenzylisoquinoline group; from the published molecular 
formule it seemed very probable that, apart perhaps from repanduline, the other Daphnandra 
bases were also members of this group, and this determined from the outset the degradative 
methods applied to repandine, whose structure forms the subject of the present memoir. The 
results of investigations on daphnandrine and the other alkaloids from Daphnandra species 
will be reported later. 

As a result of further analyses, the molecular formula of repandine given by Bick and Whalley 
(loc. cit.) has been modified to C,,H,O,N,. The presence of three methoxy- and two methyl- 
imino-groups was confirmed, and it was found that repandine has weak phenolic properties. 
Methylation of repandine with methy] iodide in methanolic sodium methoxide yielded O-methyl- 
vepandine dimethiodide; Hofmann degradation of this product gave O-methylrepandinemethine, 
isolated as its dimethiodide. When ozonised, the methine base, which was optically inactive, 
yielded 2-methoxydipheny] ether-5 : 4’-dialdehyde (I; R = Me) and an amino-aldehyde, which 
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was converted into its methiodide in the usual manner and submitted to a further Hofmann 
degradation. The product was a crystalline aldehyde, identified as 2 : 3 : 2’-trimethoxy-5 : 4’- 
divinyldipheny] ether-6 : 5’-dialdehyde (II) by direct comparison with an authentic specimen 
prepared from oxyacanthine by an analogous series of reactions (v. Bruchhausen and Gericke, 
Arch. Pharm., 1931, 269, 115). The isolation of the two aldehydes above mentioned shows fhat 
O-methylrepandine belongs to the bisbenzylisoquinoline group of bases and must have structure 
(III; R= Me) or (IV; R= Me), whilst O-methylrepandinemethine dimethiodide must be 
correspondingly represented by (V) or (VI). 
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Repandine is isomeric with oxyacanthine and with berbamine, both alkaloids isolated from 
various Berberidacee. Of formule (III; R = Me) and (IV; R = Me), one also represents 
O-methyloxyacanthine and the other O-methylberbamine (v. Bruchhausen and Gericke, /oc. cit.). 

In this series, mixed melting points are not wholly satisfactory as a means of establishing the 
identity of compounds derived from different sources and recourse was had to the method of 
X-ray powder photography. It was found that the powder photographs of O-methylrepandine- 
methine dimethiodide (V or VI) and O-methyloxyacanthinemethine dimethiodide (V or VI; 
v. Bruchhausen and Gericke, Joc. cit.) were identical. It follows therefore that repandine 
corresponds to oxyacanthine rather than to berbamine in its structure. Examination of X-ray 
powder photographs and optical rotations, however, showed that O-methylrepandine dimeth- 
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iodide was not identical with O-methyloxyacanthine dimethiodide; clearly O-methylrepandine 
(III; R = Me or IV; R= Me) must differ from O-methyloxyacanthine in the stereochemical 
arrangement about one or other of the asymmetric centres marked with asterisks. 

In order to determine the location of the phenolic hydroxy] in repandine, the alkaloid, which 
could not be satisfactorily ethylated with diazoethane, was converted into its resinous dimeth- 
iodide and the latter ethylated to give O-ethylrepandine dimethiodide. When this product was 
submitted to Hofmann degradation, and the resulting methine base ozonised, an aldehyde was 
isolated which gave the expected analytical values for 2-ethoxydiphenyl ether-5 : 4’-dialdehyde 
(I; R= Et) and when oxidised gave an acid corresponding in its properties to 2-ethoxy- 
diphenyl ether-5 : 4’-dicarboxylic acid previously obtained by Spath and Pikl (Ber., 1929, 62, 
2251) in similar fashion from O-ethylqxyacanthine. 

It follows, therefore, that repandine has structure (III; R = H) or (IV; R = H) and is an 
optical isomer of oxyacanthine. Four isomers are possible for each of the structures (III) and 
(IV), and if we assume that their optical rotation is due to the summation of two components 
A and B corresponding to each of the two asymmetric centres, then of the four possibilities 
A+B, A—B, —A+B, and —A — B (where A is assumed to be greater than B), the first 
evidently represents oxyacanthine ([«])p = + 279°) and the third repandine ([«]}*” = — 106°). 
On this basis A would be ca. 190° and B ca. 85° in the oxyacanthine group. It is interesting to 
note that, of the four isomers possible in the berbamine series, berbamine itself is the only one 
known to occur naturally; of the corresponding methyl ethers, however, three occur (Kondo 
and Keimatsu, Ber., 1935, 68, 1503), viz., phaeanthine ([«]3””° = — 278°), its enantiomorph 
tetrandrine ({«]?° = + 263°) and isotetrandrine (O-methylberbamine) ([aJ]?° = + 146°). The 
fact that repandine is a bisbenzylisoquinoline alkaloid is of some botanical interest since no 
alkaloid of this group has hitherto been reported either in the Monimiacee or in the related 
Lauraceae. 

The properties of repandine agree closely with those recorded for a base, m. p. 255° ([a]?®” = 
— 95°), isolated from a sample of oxyacanthine by v. Bruchhausen and Schulze (loc. cit.) during 
an attempt to prepare a monohydrochloride of the latter substance; the new base was con- 
sidered by these workers to be an artefact produced from oxyacanthine during treatment with 
hydrogen chloride. Through the kindness of Prof. v. Bruchhausen we have been able to 
establish the identity of repandine with this base by direct comparison; the two materials 
showed no m. p. depression on mixing and their Debye—Scherrer diagrams were identical. In 
view of the relationship between repandine and oxyacanthine established in the present investig- 
ation, we consider it very improbable that it could be produced from oxyacanthine by treatment 
with hydrogen chloride, and indeed we could obtain no evidence of its formation from purified 
oxyacanthine in these circumstances. We therefore conclude that it did not arise as an artefact 
in the experiments of v. Bruchhausen and Schulze (loc. cit.) and that repandine actually occurs 
in small amount along with oxyacanthine in at least one species of Berberis. 


EXPERIMENTAL. 


Repandine.—A specimen of the alkaloid isolated from D. repandula (Bick and Whalley, Joc. cit.) was 
purified by repeated recrystallisation from acetone and ethanol and formed colourless needles, m. p. 
255°, [a]}§° —106° (c, 1-2 in chloroform). It gave no coloration with ferric chloride but gave a pink 
colour with Millon’s reagent. On addition of excess of alkali to a solution of the base in dilute hydro- 
chloric acid (5%) the precipitate first formed redissolved to a clear solution; on passing carbon dioxide 
through this solution a white precipitate was produced which after recrystallisation from ethanol had 
m. p. 255°, undepressed by the original repandine (Found: C, 72-9; H, 6-9; N, 4-7; MeO, 15-2; MeN, 
9-3. Calc. for C;,HyO,.N,: C, 73-0; H, 6-6; N, 4-6; 3MeO, 15-3; 2MeN, 9-5%). 

O-Methylrepandine Dimethiodide——Repandine (5 g.) was dissolved in dry methanol (200 c.c.) and 
methyl iodide (7-5 c.c.) was added, followed by methanolic sodium methoxide (0-32 g. of sodium in 5 c.c. 
of methanol). The mixture was refluxed for 6 hours, a similar amount of sodium methoxide added, 
and heating continued for a further 6 hours; this process was repeated until in all five such additions of 
sodium methoxide had been made. The solution was then evaporated under reduced pressure, and the 
residue taken up in hot water. The aqueous solution on cooling deposited an amorphous solid which 
was collected and redissolved in hot water, and the solution was boiled with a little copper powder during 
ten minutes, filtered, and set aside. The dimethiodide slowly crystallised as colourless needles (6-1 g.) 
which decomposed at 255—260° without melting, [a]'#§ —95° (c, 0-3 in 50% aqueous ethanol) (Found : 
C, 48-4; H, 5-8; N, 2-6; I, 26-0; loss at 110°/0-1 mm., 9-3. C,H,,0,N,I,,5H,O requires C, 48-2; H, 
5-9; N, 2-8; I, 25-5; 5H,O, 90%). O-Methyloxyacanthine dimethiodide had [a]}f = +40° (c, 0-4 in 
50% aqueous ethanol) (Gadamer and v. Bruchhausen, Arch. Pharm., 1926, 264, 193, give [a]p = + 42°). 

O-Methylrepandinemethine Dimethiodide.—O-Methylrepandine dimethiodide (5 g.) was dissolved in 
water (1 1.) and shaken with freshly prepared silver oxide (from 5 g. of silver nitrate). After 1 hour the 
solution, which was free from iodide ions, was filtered and concentrated to 100 c.c. under reduced 
pressure. Aqueous potassium hydroxide (50 c.c. of 50%) was now added, and the mixture heated on 
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the steam-bath for 2 hours during which time a yellowish resin slowly separated. The cooled mixture 
was extracted with chloroform, and the combined extracts were washed with water and dried (Na,SO,). 
On evaporation of the chloroform solution the methine base was obtained as a yellowish resin (2-5 g.) 
which could not be crystallised. For characterisation a portion of the resin (1 g.) was dissolved in 
methanol (50 c.c.) and refluxed with methyl iodide (1 c.c.) during 15 minutes. On concentrating the 
resulting solution to small bulk O-methylrepandinemethine dimethiodide separated and was recrystallised 
from methanol. Colourless needles, m. p. 255—260° (decomp.), identical (Debye—Scherrer diagram) 
with O-methyloxyacanthinemethine dimethiodide (m. p. 255—260°, decomp.) (Found: C, 52-2; H, 
6-1; N, 3-1; loss at 110°/0-1 mm., 4-6. Calc. for C,,H;,O,N,I,,2H,O: C, 52-0; H, 5-8; N, 2-9; 2H,O, 
3-9%). 

Ozonolysis of O-Methylrepandinemethine.—The above resinous methine (3-1 g.) was dissolved in dilute 
sulphuric acid (20 c.c. of 5%), and a stream of ozone passed through the ice-cold filtered solution for 
30 minutes. The yellowish resin which separated was extracted with ether; further passage of ozone 
through the aqueous solution left after extraction yielded only a small additional quantity of product, 
which was likewise extracted with ether. The combined ether extracts were washed, dried (Na,SQ,), 
and evaporated. Recrystallisation of the residue from light petroleum (b. p. 40—60°) gave colourless 
prismatic needles (0-9 g.), m. p. 77—78° (Found: C, 70-2; H, 4-7; MeO, 11-4. Calc. for C,,H,,0, : 
C, 70-3; H, 4:7; MeO, 12-1%). A mixed m. p. with 2-methoxydiphenyl ether-5 : 4’-dialdehyde (m. p. 
77—78°) prepared by a similar series of reactions from oxyacanthine showed no depression. 

The acid aqueous solution obtained after ozonolysis and extraction with ether was shaken for 15 
minutes with palladised charcoal (0-1 g.) to remove peroxides, then shaken with hydrogen for a further 
15 minutes and made alkaline with sodium hydroxide. The precipitated amino-aldehyde was extracted 
with ether, and the extract dried and evaporated. The residue was dissolved in methanol (10 c.c.), 
methyl iodide (2 c.c.) added, and the solution refluxed for 15 minutes. On concentration of the solution 
the amino-aldehyde dimethiodide separated as colourless needles (2-8 g.) and was recrystallised from 
aqueous methanol. On heating it melted with decomposition between 230° and 240° (Found : C, 43-0; 
H, os). N, 3-8; loss at 110°/0-1 mm., 3-0. Calc. for C,,H;,0,N,I,,H,O: C, 42-6; H, 5-6; N, 3-7; H,O, 
2-4%). 

2:3: 2’-Trimethoxy-5 : 4’-divinyldiphenyl Ether-6: 5’-dialdehyde.—The above amino-aldehyde 
dimethiodide (2-5 g.) was dissolved in water (100 c.c.) and shaken for 3 hours with freshly prepared silver 
oxide (from 2 g. of silver nitrate). The mixture was filtered, the filtrate concentrated to small bulk, 
and aqueous potassium hydroxide (20 c.c. of 50%) added. Thealkaline solution was heated on the steam- 
bath until no more trimethylamine was evolved. The yellowish resin which separated was extracted 
with chloroform, and ‘the extract washed, dried, and evaporated to small bulk. On standing, 2: 3: 2’- 
trimethoxy-5 : 4’-divinyldiphenyl ether-6 : 5’-dialdehyde separated in almost colourless diamond-shaped 
crystals (0-9 g.). Recrystallised from chloroform it had m. p. 139°, undepressed in admixture with an 
authentic specimen (m. p. 139°) prepared from oxyacanthine. On catalytic hydrogenation the substance 
took up 2 mols. of hydrogen rapidly and a further 2 mols. more slowly (Found: C, 68-6; H, 5-4; MeO, 
24-5. Calc. for C,,H,,.O,: C, 68-5; H, 5-5; 3MeO, 25-3%). 

O-Ethylrepandine Dimethiodide.—Repandine (2 g.) was dissolved in hot methanol (100 c.c.) and 
refluxed with methyl iodide (2 c.c.) for 15 minutes. Removal of solvents under reduced pressure gave 
the dimethiodide as a yellowish resin which could not be crystallised. The resin was dissolved in hot 
ethanol (200 c.c.), and ethyl iodide (5 c.c.) added followed 4! ethanolic sodium ethoxide (0-12 g. of 
sodium in 4 c.c. of ethanol). The mixture was refluxed for 6 hours, when a further similar amount of 
sodium ethoxide was added and heating continued. The process was repeated until 5 such quantities 
of sodium ethoxide had been added. The resulting solution was evaporated under reduced pressure, 
and the residue dissolved in hot water. A brownish resin separated on cooling; it was redissolved in 
hot water, and the solution boiled with copper powder for 10 minutes, filtered, and cooled. O-Ethyl- 
vepandine dimethiodide = pep as a white amorphous mass (2 g.). Purified by being allowed to separate 
from hot water, it melted with decomposition between 235° and 245° (Found: C, 51:3; H, 5-7; N, 3-0; 
loss at 110°/0-1 mm., 5-1. C,,H,,O,N,I,,2}H,O requires C, 51-0; H, 5-7; N, 3-0; H,O, 4-7%). 

2-Ethoxydiphenyl Ether-5 : 4’-dialdehyde—O-Ethylrepandine dimethiodide (1-5 g.) was submitted 
to Hofmann degradation in the manner described above for the corresponding O-methyl compound. 
The crude methine base was dissolved in ice-cold dilute sulphuric acid and ozonised during 30 minutes. 
The resin which separated was taken up in ether, and the extract washed, dried (Na,SO,), and evaporated. 
The residue crystallised from ether-light petroleum as colourless prismatic needles, m. p. 59—60° 
(Found: C, 70-8; H, 5-4; EtO, 16-3. C,,H,,O, requires C, 71-1; H, 5-2; EtO, 16-7%). Admixture 
with 2-methoxydipheny] ether-5 : 4’-dialdehyde (above) gave a depression in m. p. of ca. 10°. 

The dialdehyde, oxidised with potassium permanganate in acetone solution, gave an acid crystallising 
from glacial acetic acid in needles, m. p. 287° (Found: C, 63-2; H, 5-2. Calc. for C,,H,,O,: C, 63-6; 
H, 4:7%). Spath and Pikl (loc. cit.) record m. p. 288-5—289-5° for 2-ethoxydiphenyl ether-5 : 4’- 
dicarboxylic acid. 


We wish to express our gratitude to Prof. F. von Bruchhausen and Prof. F. von Wessely for their 
gifts of samples of oxyacanthine and certain of its degradation products, and to the British Council for 
a scholarship held by one of us (I. R. C. B.). We are also deeply indebted to Dr. P. J. G. de Vos who 
carried out the X-ray crystallographic examinations. 
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439. Amines containing 2-Halogenoethyl Groups. 


By A. F. Cuitps, L. J. Gotpswortny, G. F. Harpinec, F. E. Kine, A. W. NINEHAM, 
W. L. Norris, S. G. P. Prant, B. SELton, and A. L. L. Tompsett. 


Studies have been made of compounds related to the known vesicant bases, methyldi-(2- 
chloroethyl)amine and tri-(2-chloroethyl)amine. The substances NR(CH,°CH,Cl), (R = Ac, 
CH,CI-CO, CO,Me, CN, Cl-CO, and CH,*OMe) have been made from di-(2-chloroethyl)amine, 
while attempts to introduce the n-butoxymethyl group into the base led to the isolation of 
NN’-di-(2-chloroethyl) piperazine. The synthetical work has been extended by the preparation 
of NNN’N’-tetra-(2-chloroethyl)ethylenediamine, tri-(2-chloroethylthioethyl)amine hydrochloride, 
and #ri-(2-bromoethyl)amine. Fluorine analogues of the above bases which have been prepared 
include di-(2-fluoroethyl)amine, methyldi-(2-fluoroethyl)amine, tri-(2-fluoroethyl)amine, 2-chloro- 
ethyldi-(2-fluoroethyl)amine, and di-(2-chloroethyl)-2-fluorocthylamine. Several derivatives of 
these fluorine-containing bases have been made. 


In the preparation of the substances described below, which are related to the vesicant bases, 
methyldi-(2-chloroethyl)amine and tri-(2-chloroethyl)amine, the formation of NN’-di-(2-chloro- 
ethyl)piperazine requires special comment. Stewart and Bradley (J. Amer. Chem. Soc., 1932, 
54, 4172) have described the preparation of n-butoxymethyldiethylamine, Et,N-CH,°OC,H,g, from 
diethylamine, n-butanol, and paraformaldehyde under anhydrous conditions. In attempts to 
prepare an analogous compound similarly from di-(2-chloroethyl)amine, the only substance 
isolated was NN’-di-(2-chloroethyl) piperazine dihydrochloride, from which the base was readily 
obtained. It is obvious that the dihydrochloride arose from the polymerisation of the 
di-(2-chloroethyl)amine used, but several attempts to obtain the salt under simpler conditions 
from the amine alone or in n-butanol gave less satisfactory results. Although the instability of 
di-(2-chloroethyl)amine has been noted (Prelog, Driza, and Hanousek, Chem. Zenir., 1932, i, 
1532; Mann, J., 1934, 461), there appears to be no record of any investigation of the 
polymerisation process. 
EXPERIMENTAL. 


N-Acetyl-, N-Chloroacetyl-, and N-Carbomethoxy-di-(2-chloroethyl)amine.—A solution of di-(2-chloro- 
ethyl)amine hydrochloride (35-7 g., prepared either by the method of Mann, /oc. cit., or by that of Ward, 
J. Amer. Chem. Soc., 1935, 57, 914) in water (100 c.c.) was treated with sodium hydroxide (8 g.), also 
dissolved in water (50 c.c.), at 0°. Acetyl chloride (20 g.), diluted with chloroform (30 c.c.), and a 
solution of sodium hydroxide (10 g.) in water (100 c.c.) were added simultaneously with vigorous stirring 
during an hour, the temperature being kept between 0° and 5°. The chloroform layer and further 
chloroform extracts were united, dried (Na,SO,), and fractionated. N-Acetyldi-(2-chloroethyl)amine 
(22 g.) was collected as a colourless syrup, b. p. 130—135°/0-2 mm. (152—156°/16 mm.) (Found: C, 
38-8; H, 6-1. C,H,,ONCI, requires C, 39-1; H, 6-0%). 

N-Chloroacetyldi-(2-chloroethyl)amine (Found: C, 33-0; H, 4-4. C,H,ONCI, requires C, 33-0; 
H, 46%), a colourless oil, b. p. 160—164°/0-2 mm., was similarly prepared from chloroacetyl chloride; 
and N-carbomethoxydi-(2-chloroethyl)amine (Found: C, 36-1; H, 5-5; Cl, 35-2. C,H,,O,NCl, requires 
C, 36-0; H, 5-5; Cl, 35-5%), a colourless oil, b. p. 86—90°/0-06 mm., from methyl chloroformate. 

Di-(2-chloroethyl)cyanamide.—An ice-cold solution of di-(2-chloroethyl)amine hydrochloride (53-6 g.) 
in water (50 c.c.) was shaken with a cold solution of potassium hydroxide (17 g.) in water (30 c.c.), and 
the oily base was taken up in ether. The ethereal extract was dried (MgSO,) and filtered, and the 
magnesium sulphate was washed with more ether. ee bromide (15-9 g.) in dry ether (30 c.c.) was 
gradually added, with shaking and cooling in ice-water, to the ethereal solution of the base. The reaction 
(compare Wallach, Ber., 1899, 32, 1872) was completed within a few minutes with the separation of 
di-(2-chloroethyl)amine hydrobromide. This was removed by filtration, the filtrate fractionated, and 
di-(2-chloroethyl)cyanamide collected at 135°/0-15 mm. (Found: C, 34:1; H, 4:8; N, 16-6; Cl, 39-1. 
C,H,CI1,N, requires C, 35-9; H, 4-8; N, 16-8; Cl, 42-5%). 

N-Chloroformyldi-(2-chloroethyl)amine.—A solution of di-(2-chloroethyl)amine in dry benzene (400c.c.), 
obtained from the hydrochloride (21 g.) by a process similar to that used for the ethereal solution described 
above, was cooled in a freezing mixture, and added gradually during 4 hour with mechanical stirring 
to carbonyl chloride (7-3 g.) dissolved in benzene (100 c.c.), the temperature being kept below 10°. After 
the mixture had been left for several hours, the precipitate of di-(2-chloroethyl)amine hydrochloride was 
removed by filtration, and the benzene distilled off on the water-bath. When the residue was distilled 
under reduced pressure, N-chloroformyldi-(2-chloroethyl)amine was obtained as a pale yellow oil (6-8 g.), 
b. p. 92—96°/0-1 mm. (Found: C, 29-8; H, 4:2; Cl, 52-2. C,;H,ONCI, requires C, 29-3; H, 3-9; Cl, 
52-1%). 

Methoxymethyldi-(2-chloroethyl)amine.—A solution of di-(2-chloroethyl)amine in dry chloroform 
(60 c.c.) was made from the hydrochloride (17-9 g.) as above. Methoxymethyl chloride (8-4 g., prepared 
as described by Wedekind, Ber., 1903, 36, 1383) in chloroform (20 c.c.) was added during 4 hour to a 
mixture of the chloroform solution of the base and an excess of powdered, dry potassium carbonate 
which was rapidly stirred and cooled in ice-water. After stirring had been continued for a further 
2 hours without cooling, the potassium chloride and potassium carbonate were removed by filtration, 
and the chloroform distilled off under reduced pressure. When the residue was distilled, a considerable 
amount of solid was formed in the flask, but methoxymethyldi-(2-chloroethyl)amine was collected as a 
colourless oil, b. p. 106—108°/13 mm. (Found : C, 39-2; H, 7-0; N, 7-7; Cl, 37-2. C,H,,ONCI, requires 
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C, 38-7; H, 7-0; N, 7-5; Cl, 38-2%). The base was unstable, and gradually changed into a colourless 
so 


lid. 

NN’-Di-(2-chloroethyl)piperazine.—A mixture of di-(2-chloroethyl)amine (28 g., obtained from its dry 
ethereal solution by evaporation under reduced pressure), m-butanol (18-8 g.), and paraformaldehyde 
(6 g.) was slowly warmed to 35°. At this point the temperature of the reaction mixture rose to 39-5°, 
and the whole was left to cool overnight. After potassium carbonate (6 g.) had been added and the 
mixture left for a further 24 hours, the solid was removed by filtration, and the pale yellow, viscous 
filtrate was heated to 80° under reduced pressure to remove m-butanol. The residue soon solidified, and, 
after it had been ground with warm alcohol, NN’-di-(2-chloroethyl)piperazine dihydrochloride (4-5 g.), 
m. p. 315° (decomp.), remained in a pure condition. It separated from aqueous alcohol in colourless 
prisms (Found: Cl’, 24-9,'25-1; total Cl, 50-7, 51-7. C,H,,N,Cl,,2HCl requires Cl’, 25-0; total Cl, 
50-0%). When the dihydrochloride was dissolved in the minimum quantity of water at room temperature, 
and the solution filtered and treated with concentrated aqueous potassium carbonate, NN’-di-(2-chloro- 
ethyl)piperazine separated as an oil which rapidly solidified. It was dried in a desiccator, freed from a 
little inorganic material by dissolving in dry ether, and recovered by removing the ether from the filtered 
solution under reduced pressure. It then remained as a colourless solid, m. p. 41—43° (Found: C, 
45-5; H, 7-4; Cl, 33-8; M, 207. C,H,,N,Cl, requires C, 45-5; H, 7-6; Cl, 33-6%; M, 211). It could 
not be distilled unchanged, even under redu pressure, owing to further polymerisation with the 
formation of a high-melting solid which dissolved in water and contained chloride ion. 

Methyldi-(2-hydroxyethyl)amine.—(a) After di-(2-hydroxyethyl)amine (105 g.) had been carefully 
neutralised with concentrated hydrochloric acid and the water removed under reduced pressure at 
60—70°, ee (50 g.) was added and the mixture heated under reflux in an oil-bath 
(compare Eschweiler, Ber., 1905, 38, 880). Evolution of carbon dioxide began when the temperature 
of the bath reached 140° and continued steadily for 1—1}4 hours at 160—165°. After 3 hours at this 
temperature, the product was cooled, neutralised with solid sodium hydroxide, and distilled. The 
fraction (92 g.) boiling at 125—135°/14 mm. was redistilled, and methyldi-(2-hydroxyethyl)amine 
(75 g.; 63% yield) collected at 130°/14 mm. as a colourless oil. 

(6) Di-(2-hydroxyethyl)amine (52-5 g.) was neutralised with anhydrous formic acid (23 g.) and 
heated with paraformaldehyde (15 g.) (compare Hanby and Rydon, J., 1947, 513). Evolution of carbon 
dioxide began at 50°, was torrential at 100—110°, and was practically complete after 10 minutes. At the 
end of $ hour, methyldi-(2-hydroxyethyl)amine (55 g.; 92% yield) was isolated by distilling the mixture. 

Methyliminodiacetic Acid.—When a mixture of iminodiacetic acid (13-3 g.), formic acid (4-6 g.), 
aqueous formaldehyde (10 c.c. of 36%), and water (5 c.c.) was heated on a steam-bath, gentle evolution 
of carbon dioxide ensued. After 2 hours, the whole was boiled under reflux for 10 minutes and then 
treated with alcohol. The precipitated methyliminodiacetic acid was crystallised from aqueous alcohol 
charcoal) and obtained in colourless prisms (12-2 g.), m. p. 223—225° (decomp.) (Found: C, 40-6; 

, 6-1. Calc. forC,H,O,N: C, 40-8; H, 6-1%). 

NNN’N’-Tetra-(2-chloroethyl)ethylenediamine.—The dihydrochloride of NNN’N’-tetra-(2-hydroxy- 
ethyl)ethylenediamine was obtained as a syrup, which slowly solidified, when the base, prepared by the 
method of Knorr and Brownsdon (Ber., 1902, 35, 4470), was dissolved in a slight excess of hydrochloric 
acid and the solution evaporated under reduced pressure. A suspension of the salt ied g.) in chloroform 
(55 c.c.) was treated gradually with a solution of thionyl chloride (92 c.c.) in chloroform (100 c.c.) while 
the temperature was maintained at 55°, and the whole was then refluxed until the evolution of hydrogen 
chloride ceased. All volatile material was expelled under reduced pressure at 50°, the residue dissolved 
in dilute hydrochloric acid, and a small quantity of insoluble oil removed with ether. The basic product 
was recovered from the aqueous solution by the cautious addition of solid sodium carbonate, andextracted 
with ether. After the extract had been dried (MgSO,) and evaporated at 50° under reduced pressure, 
NNN’N’-tetra-(2-chloroethyl)ethylenediamine remained as a brown oil (Found : Cl, 43-4,42-9. C,H, .N,Cl, 
requires Cl, 45-8%). It was not possible to distil this product, since on being heated to 130°/0-02 mm. 
the whole became solid as.a result of quaternary salt formation. This was confirmed by the fact that 
the solid gave the test for chloride ion when dissolved in water. In fact, salt formation occurred ‘so 
readily that the oily base became partly solid on being kept for a short time at room temperature. 

Tri-(2-chloroethylthioethyl)amine Hydrochloride ((CH,Cl-CH,*S-CH,°CH,),N,HCl].—Tri-(2-chloroethyl)- 
amine hydrochloride (16-1 g.) and monothioethylene glycol (16 g.) in cold alcohol (180 c.c.) were added 
to a solution of sodium (6-1 g.) in alcohol (120 c.c.) containing potassium iodide (1 g.). On warming, 
sodium chloride was rapidly precipitated, and, after heating for 4 hour under reflux, the liquid was 
filtered and evaporated. The colourless, syrupy residue, a specimen of which decomposed on attempted 
distillation at 0-05 mm., was dissolved in concentrated hydrochloric acid (150 c.c.), and the solution 
heated for 2 hours on the steam-bath. The red oil which gradually separated was extracted with 
chloroform, and the extract dried (Na,SO,) and evaporated. The residual syrupy ¢ri-(2-chloroethyl- 
thioethyl)amine hydrochloride (15 g.) could not be crystallised (Found: N, 3-2; Cl, 36-9; S, 22-6. 
C,,H,,NC1,S, requires N, 3-3; Cl, 33-8; S, 22-8%). 

2-Chloro- and 2-Bromo-2’-phthalimidodiethyl Sulphide.—Monothioethylene glycol (7-8 g.) and sodium 
iodide (1 g.) were dissolved in a solution of sodium (2-3 g.) in alcohol (50 c.c.), and the whole treated with 
phthalo-2-bromoethylimide (25-4 g.) in alcohol (75 c.c.). Sodium bromide was rapidly precipitated, and, 
after 10 minutes on a steam-bath, the solution was cooled, filtered, and evaporated. The syrupy 
hydroxy-compound was dissolved in chloroform (25 c.c.) and treated with thionyl chloride (15 g.). After 
2 hours, the solution was evaporated under reduced pressure, and when the residue was crystallised 
from alcohol, 2-chloro-2’-phthalimidodiethyl oe (compare Gabriel, Ber., 1891, 24, 3098) was obtained 
=a needles, m. p. 756—76° (Found: C, 53-3; H, 4:3. Calc. for C,,H,,O,NCIS: C, 53-4; H, 

(s} . 

When a solution of the above syrupy hydroxy-compound in hot hydrobromic acid (d 1-5) was kept 
for a few minutes at 100°, an oil separated, and this solidified on cooling. After it had been ised 
from methyl alcohol, ae tt ae sulphide (compare Gabriel, Joc. cit.) was obtained 
in colourless plates, m. p. 87—88° (Found : C, 46-2; H,3-9. Calc. forC,,H,,O,NBrS : C, 45-9; H, 3-8%). 
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Tri-(2-bromoethyl)amine.—Tri-(2-hydroxyethyl)amine hydrobromide (46 g.), suspended in chloroform 
(50 c.c.), was treated with phosphorus pentabromide (130 g.), and the reaction completed by heating the 
mixture under reflux on a water-bath. When cold, the tri-(2-bromoethyl)amine hydrobromide (60 g.) was 
filtered off, washed with chloroform, and crystallised from aqueous acetone, from which it separated in 
colourless needles, m. p. 153—154° (Found: C, 16-5; H, 3-3. C,H,,NBr, requires C, 17-2; H, 3-1%). 
The base was liberated as an oil, which rapidly solidified, when a solution of the hydrobromide in the 
minimum quantity of warm water was treated with the calculated quantity of solid sodium carbonate. 
When distilled, it was obtained as a colourless liquid, b. p. 145°/0-05 mm., which solidified, and then 
melted again at 30° (Found: N, 4:1. C,H,,NBr, requires N, 4:1%). 

Dimethyldi-(2-chloroethyl)ammonium Chloride.—After an excess of methyl iodide had been added 
to a solution of methyldi-(2-chloroethyl)amine in a small amount of benzene, and the whole left for a 
few hours, the solid methiodide was collected and washed with acetone. It was dissolved in water, and 
the solution shaken at room temperature for a short time with an excess of freshly precipitated silver 
chloride. When the solvent was removed from the filtered solution under reduced pressure, and the 
residue ground with acetone and crystallised from alcohol, dimethyldi-(2-chloroethyl)ammonium chloride 
was obtained in colourless prisms which turned brown and decomposed at 218° (Found: C, 35-2; H, 
6-9; Cl, 52-0. C,H,,NCl, requires C, 34-9; H, 6-8; Cl, 51-6%). 

Di-(2-fluoroethyl)amine.—Dry ammonia was passed into a solution of 2-fluoroethyl bromide (100 g., 
om oer from 2-fluoroethanol and phosphorus tribromide under conditions communicated by Dr. H. 

cCombie and Dr. B. C. Saunders) in alcohol (400 c.c.) until the weight had increased by 21 g., and the 
whole was heated for 7 hours in an autoclave at 70°. When cold, it was found that a large amount of 
solid had separated. Concentrated hydrochloric acid was added until the mixture was acidic, and the 
alcohol was removed as completely as possible by heating on a water-bath under reduced pressure. 
After the residue had been made alkaline with a concentrated solution of sodium hydroxide, with cooling, 
the mixture was submitted to prolonged continuous extraction with ether. The extract was dried 
(MgSO,), and the solvent removed through a fractionating column. When the residue was distilled from 
a flask fitted with a short column, di-(2-fiuoroethyl)amine (10 g.) was collected as a colourless liquid in the 
form of a well-defined fraction, b. p. 123—126°/764 mm. (Found: N, 12-6; equiv., 111. C,H,NF, 
requires N, 12-8%; equiv., 109). The base, which is very soluble in water, showed no apparent change 
on being kept for several weeks. 

In the fractionation of the above extract a small quantity of liquid was collected at 35—42°, and when 
dry hydrogen chloride was passed into it, the hydrochloride of 2-fluoroethylamine (2 g.) was precipitated 
as a colourless, hygroscopic solid. After it had been recrystallised from alcohol, the salt (1-1 g.) was 
dissolved in water containing sodium hydroxide (1 g.), and the solution shaken for several hours with 
toluene-p-sulphony] chloride (1-3 g.) dissolved in ether. When the aqueous layer was acidified with 
hydrochloric acid, tolwene-p-sulphon-2-fluoroethylamide was precipitated. It was recrystallised from 
aqueous alcohol and obtained in colourless needles, m. p. 104° (Found: N, 7-0. C,H,,0,NFS requires 
N, 6-5%). 

N-Phenyl-N’N’-di-(2-fluoroethyl)urea.—Di-(2-fluoroethyl)amine (0-5 g.) was kept cold while phenyl 
tsocyanate (0-5 g.) was gradually added. When the product, which rapidly solidified, was crystallised 
from benzene-petroleum (b. p. 60—80°), N-phenyl-N’N’-di-(2-fluoroethyl)urea separated in colourless 
needles, m. p. 91° (Found: N, 12-4. C,,H,,ON,F;, requires N, 12-3%). 

Toluene-p-sulphondi-(2-fluoroethyl)amide.—A solution of the secondary base (1 g.) in water (20 c.c.) 
containing sodium hydroxide (0-37 g.) was mechanically shaken for 8 hours with toluene-p-sulphonyl 
chloride (1-74 g.) in ether (18 c.c.). After the ethereal layer had been dried (MgSO,) and evaporated 
and the residual solid crystallised from petroleum (b. p. 80—100°), toluene-p-sulphondi-(2-fluoroethyl)- 
amide was obtained in colourless needles, m. p. 79° (Found: N, 4-8. C,,H,,O,NF,S requires N, 5-3%). 

2-Fluoroethyl Toluene-p-sulphonate.—A mixture of 2-fluoroethanol (150 g.) and toluene-p-sulphonyl 
chloride (180 g.) was refluxed for 10 hours, access of moisture being prevented by a calcium chloride tube. 
After the excess of 2-fluoroethanol (b. p. 103-5°) had been distilled off, the residue was dissolved in ether, 
and shaken first with water, then twice with dilute aqueous sodium carbonate, and finally again with 
water. The ethereal solution was dried (MgSO,), the solvent removed, and the residue distilled under 
reduced pressure. 2-Fluoroethyl toluene-p-sulphonate (148 g.) was obtained as a colourless oil, b. p. 
135—136°/1 mm. (Found: C, 49-7; H, 5-3; F, 8-9. C,H,,0O,FS requires C, 49-5; H, 5-0; F, 8-7%). 

Methyldi-(2-fluoroethyl)amine.—Dry methylamine was passed into alcohol until the concentration, 
found by titration, was 62 g. per litre. A mixture of 2-fluoroethyl toluene-p-sulphonate (124 g.) and the 
alcoholic methylamine (275 c.c.) was heated in pressure bottles in a water-bath at 50—55° for 9 hours. 
The reaction mixture was treated as described for di-(2-fluoroethyl)amine, and methyldi-(2-fluoroethyl)- 
amine (8-6 g.) was obtained as a colourless liquid, b. p. 123—124°/762 mm. (Found: C, 48-9; H, 9-3; 
N, 11-8; F, 30-3; ‘equiv., 124. C,H,,NF, requires C, 48-8; H, 8-9; N, 11-4; F, 309%; equiv., 123). 
The base is very soluble in water, and remained clear on being kept for several days. 

Dimethyldi-(2-fluoroethyl)ammonium Iodide-—When the above tertiary base (1 g.) was stirred with 
methyl iodide (2-5 g.), a solid rapidly separated. After the excess of methyl iodide had been evaporated, 
the residue was crystallised from acetone; and dimethyldi-(2-fluoroethyl)ammonium iodide obtained in 
colourless prisms, m. p. 200° (decomp.) (Found: I, 47-8. C,H,,NF,I requires I, 47-9%). 

Tri-(2-fluoroethyl)amine.—After di-(2-fluoroethyl)amine (13-6 g.), 2-fluoroethyl bromide (16-0 g.), 
and alcohol (50 c.c.) had been heated together in a pressure bottle at 70° for 7 hours, the mixture was 
treated as described for di-(2-fluoroethyl)amine. A considerable quantity (6-7 g.) of unchanged secondary 
base was collected at 122—125°, and ¢ri-(2-fluoroethyl)amine (2 g.) then distilled at 73—74°/25 mm. 
(Found: N, 9-2; F, 36-7; equiv., 156. C,H,,NF, requires N, 9-0; F, 36:3%; equiv., 155). The 
terti base is a colourless liquid, and not very soluble in water. 

2-Chloroethyldi-(2-fluoroethyl)amine.—Di-(2-fluoroethyl)amine (14 g.) was slowly added with mechanical 
stirring to a mixture of water (3-5 g.) and ethylene oxide (8-5 g.) cooled to 9° in an apparatus fitted with 
a reflux condenser which consisted of a coil surrounded by a mixture of ice and salt. After the mixture 
had been kept at 15—20° for 19 hours, the temperature was raised to 40° for 3 hours and then to 50° 
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for an hour. The whole was then cooled in a freezing mixture and acidified with concentrated hydro- 
chloric acid. When the solution was evaporated to dryness on a steam-bath under a pressure of 40 mm., 
the hydrochloride of di-(2-fluoroethyl)-2-hydroxyethylamine remained as a pale yellow, viscous syrup. 
A solution of thionyl chloride (23 g.) in chloroform (70 c.c.) was gradually added to a mechanically stirred 
mixture of the above hydrochloride and chloroform (60 c.c.) at 60° in an apparatus fitted with a reflux 
condenser. After the whole had been kept at 60° for an hour, methyl alcohol (8 c.c.) was added, and all 
volatile material removed by warming at a pressure of 25 mm. The residual 2-chloroethyldi-(2-fluoro- 
ethyl)amine hydrochloride solidified, on cooling, to a deliquescent mass which was dissolved in water 
(20 c.c.). After the addition of chloroform, the whole was cooled below 0° and mechanically stirred 
while a solution of potassium hydroxide (7-5 g.) in water (50 c.c.) was gradually added. The chloroform 
solution was dried and the solvent removed through a short column under reduced pressure. When the 
residue was distilled, 2-chloroethyldi-(2-fluoroethyl)amine (9-4 &) was collected as a colourless liquid, 
b. p. 95—97°/19 mm. (Found: N, 8-2; Cl, 20-8; F, 21-8. C,H,,NCIF, requires N, 8-2; Cl, 20-7; 
F, 22-2%). The base is not very soluble in water and is comparatively stable; only a trace of solid had 
separated after a fortnight. 

When the base was treated with an equivalent amount of picric acid in dry benzene, the picrate 
quickly separated. It was recrystallised from alcohol and obtained in yellow needles, m. p. 121° 
(Found: C, 36-2; H, 3-8; Cl, 8-8. C,,H,,0O,N,CIF, requires C, 36-0; H, 3-7; Cl, 8-9%). 

Di-(2-chloroethyl)-2-fluoroethylamine.—A mixture of potassium phthalimide (160 g.) and 2-fluoro- 
ethyl bromide (180 g.) was heated at 180—190° for 8 hours in sealed tubes, and the product heated and 
stirred for an hour with water (800 c.c.) on asteam-bath. The mixture was cooled to the point at which 
the crude alkylphthalimide solidified, and rapidly filtered. After the solid had been ground with cold 
methyl alcohol (120 c.c.), it was further purified by dissolving it in chloroform (400 c.c.) at room 
temperature, filtering the solution from a small amount of insoluble material, and removing the solvent. 
When the residue was crystallised from alcohol, phthalo-2-fluoroethylimide (132 g.) was obtained in long, 
fawn-coloured needles, m. p. 100° (Found: C, 62-5; H, 4-2. C,,H,O,NF requires C, 62-2; H, 4:1%). 
After a solution of this substance (63-6 g.) in alcohol (200 c.c.) had been treated with hydrazine hydrate 
(16-5 g.) and boiled under reflux for 4 hour, the whole was acidified with concentrated hydrochloric acid, 
and boiling was continued for an hour (compare Ing and Manske, J., 1926, 2348). When cold, the 
mixture was filtered, the solid washed twice with water, and the combined filtrate and washings were 
evaporated to dryness under reduced pressure. A filtered solution of the residue in water (100 c.c.) was 
shaken for 2} hours with salicyl aldehyde (40 c.c.) to remove hydrazine, and all insoluble materialextracted 
with ether. When the aqueous liquid was again evaporated to dryness, 2-fluoroethylamine hydrochloride 
(23-8 g.) remained as a brown syrup which set to a deliquescent glassy solid (compare Traube and Peiser, 
Ber., 1920, 58, 1501). Its composition was confirmed by converting a little of it into toluene-p-sulphon- 
2-fluoroethylamide, identical with the substance described above. A solution of this hydrochloride 
(48 g.) in water (125 c.c.) was treated with aqueous potassium hydroxide (288 c.c. of 1-68N) and then 
gradually added with mechanical stirring to ethylene oxide (100 g.) at 9—11° under a reflux condenser 
which was surrounded by a mixture of ice and salt. After stirring had been continued for 3 hours at 
this temperature, the whole was left overnight. The isolation of the hydrochloride of the dihydroxy- 
compound and its conversion into di-(2-chloroethyl)-2-fluoroethylamine followed along lines similar to 
those described for 2-chloroethyldi-(2-fluoroethyl)amine. The product (12-7 g.) was collected as an 
almost colourless liquid, b. p. 115°/13 mm. (Found: C, 38-5; H, 6-5; Cl, 38-1. C,H,,NCI,F requires 
C, 38-3; H, 6-4; Cl, 37-8%). The base is not very soluble in water and is comparatively stable. It 
remained clear for several days, but a-specimen which was kept for 5 weeks deposited a small amount of 
white solid and a few drops of a dark brown, gummy material. 


We are indebted to Sir Robert Robinson for his interest in these investigations, and to the Chief 
Scientist, Ministry of Supply, for permission to publish the work. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, February 20th, 1948.) 
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By L. J. Gotpswortuy, G. F. Harpinec, W. L. Norris, S. G. P. Pant, and 
B. SELTON. 
The preparation of several compounds belonging to the types R-*S:CH,°CH,Cl, 
R-O-CH,°CH,‘S’CH,°CH,Cl, and R-S‘CH,*CH,*S‘CH,*CH,Cl has been investigated on account 


of the possible interest attaching to these substances as vesicants. Some of the sulphides 
have been converted into sulphones and sulphilimines. F 


_ As part of an investigation designed to compare the vesicant properties of a series of compounds 
containing the -S*CH,°CH,Cl group, several sulphides of this type not hitherto recorded have 
- been prepared. 

The reactions used by Demuth and Meyer (Amnalen, 1887, 240, 305) to obtain 2-chloro- 
diethyl sulphide, and represented by the scheme Et‘SH —-— Et*S-CH,°CH,-OH — > 
Et-S-CH,°CH,Cl, can be employed for other 2-chloroethyl alkyl sulphides (see, ¢.g., Dawson, 
J. Amer. Chem. Soc., 1933, 55, 2070), and have now been applied to the preparation of 2-chloro- 
ethyl n-heptyl, n-nonyl, and n-undecyl sulphides. 
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Four 2-alkoxyethylthiols, R-O-CH,,CH,"SH (R= Me, Et, m-Pr, and u-Bu), have been 
obtained from the appropriate 2-alkoxyethyl halides, and converted by a similar series of 
reactions into 2-chloro-2’-methoxydiethyl sulphide, Me*O*CH,°CH,°S°CH,°CH,Cl, and the analogous 
ethoxy-, n-propoxy-, and n-butoxy-compounds. The corresponding 2-alkylthioethylthiols, 
R°S’CH,°CH,°SH (R= Me, Et, n-Pr, and u-Bu), obtained from the 2-chloroethyl alkyl 
sulphides, were transformed by similar stages into 2-chloro-2’-methylthiodiethyl sulphide, 
Me’S’CH,°CH,°S’CH,°CH,Cl, and its ethyl, n-propyl, and n-butyl analogues. 

2-Chlorodiethyl sulphone, 2-chloro-2’-n-propoxydiethyl sulphone, and 2-chloro-2’-n-butyl- 
sulphonyldiethyl sulphone, CgH,°SO,°CH,°CH,°SO,°CH,°CH,Cl, have been prepared from the 
sulphides, the conversion of some of which into sulphilimines has been studied. In this con- 
nexion, while methyl 2-chloroethyl sulphide, 2-chloroethy] allyl sulphide, 2-chloro-2’-methoxy- 
diethyl sulphide, and 2-chloro-2’-n-propoxydiethy] sulphide readily gave crystalline sulphilimines 
on shaking with an aqueous solution of chloramine-T, homogeneous products were not obtained 
from 2-chloroethyl m-undecyl sulphide, 2-chloro-2’-ethoxydiethyl sulphide, the corresponding 
n-butoxy-compound, and 2-chloro-2’-n-propylthiodiethyl sulphide, and pure substances were 
not obtained on recrystallisation, except from the last-named which yielded toluene-p-sulphon- 
amide. The remarkable difference in the ease with which this reaction ensues with these 
closely related sulphides is not without parallel, for although 2: 2’-dichlorodiethyl sulphide 
readily gives a sulphilimine (Mann and Pope, J., 1922, 121, 1052), yet Davies and Oxford (J., 
1931, 224) obtained toluene-p-sulphonamide as the only pure product from 1 : 2’-dichlorodiethyl 
sulphide and chloramine-t. 


EXPERIMENTAL. 


2-Chloroethyl Alkyl Sulphides.—After n-heptylthiol (44 g.) had been dissolved in a solution of sodium 
(7-7 g.) in alcohol (130 c.c.), ethylene chlorohydrin (27 g.) was gradually added with shaking and cooling. 
The mixture was then heated for 4 hour on a steam-bath, and, when cold, the precipitate of sodium 
chloride was removed by filtration and washed with a little alcohol. The solvent was removed from 
the united alcoholic solutions by distillation and the residual oil was decanted from a further small 
quantity of sodium chloride. It was then distilled under reduced pressure, and 2-hydroxyethyl 
n-heptyl sulphide was collected at 153—154°/33 mm. in good yield. Thionyl chloride (26-5 g.) in 
chloroform (60 c.c.) was gradually added with shaking to the hydroxy-compound (35 g.) in chloroform 
(30 c.c.), the temperature being maintained at about 40° until the evolution of gas had slackened. The 
mixture was then kept at 60° to effect completion of the reaction, and the solvent and excess of thionyl 
chloride were removed by distillation from a steam-bath. When the residual oil was fractionated, 
2-chloroethyl n-heptyl sulphide was obtained as a colourless oil, b. p. 139—140°/25 mm. (Found: Cl, 
17-8; S, 16-4. On. .cls requires Cl, 18-3; S, 16-5%). 

The following were similarly prepared: 2-chloroethyl n-nonyl sulphide, colourless oil, b. p. 164— 
166°/20 mm. (Found: Cl, 15-4. C,,H,,CIS requires Cl, 15-9%), via 2-hydroxyethyl -nony] sulphide, 
b. p. 174—176°/20 mm.; eK wg n-undecyl sulphide, m. p. 26—27°, b. p. 185—186°/15 mm. 
(Found: C, 66-9; H, 12-1. C,,;H,,OS requires é 67-2; H, 12-1%); 2-chloroethyl n-undecyl sulphide, 
colourless oil, b. p. 175—179°/14 mm. (Found: C, 62-4; H, 10-9; Cl, 14:3. C,,H,,CIS requires C, 
62:3; H, 10-8; Cl, 14-2%); 2-chlorodiethyl sulphide, b. p. 154—155° (compare Demuth and Meyer, 
loc. cit.); 2-chloroethyl -propyl sulphide, b. p. 74—-75°/22 mm. (compare Dawson, Joc. cit.); 2-chloro- 
ethyl n-butyl sulphide, b. p. 89°/20 mm. (compare Whitner and Reid, J. Amer. Chem. Soc., 1921, 48, 
636; Dawson, loc. cit.); 2-chloroethyl benzyl sulphide, b. p. 137—138°/12 mm. (Found: Cl, 19-1. 
Calc. for C,H,,CIS: Cl, 19-0%) (compare Dawson, Joc. cit.). 

2-Chloro-2'-alkoxydiethyl Sulphides—The 2-alkoxyethanols, R-O-CH,-CH,OH (R = Me, n-Pr, and 
n-Bu), were prepared by the methods of Cretcher and Pittenger (J. Amer. Chem. Soc., 1924, 46, 1503) 
and converted into the corresponding bromides as described by Palomaa and Kenetti (Ber., 1931, 64, 
797), and yey tg chloride was made from ethylene chlorohydrin by the method of Swallen and 
Boord (J. Amer. Chem. Soc., 1930, 52, 651). 

2-Methoxyethyl bromide (99 g.) was added to a solution of potassium hydrogen sulphide made by 
saturating potassium hydroxide (80 g.) in methyl alcohol (300 c.c.) with hydrogen sulphide. After 
the mixture had been quickly shaken, it was placed in a pressure bottle and left overnight. The thiol, 
b. p. 109—110°, was isolated by diluting the mixture with water, extracting with light petroleum, and 
fractionating the dried extract. The yield (9 g. ; 14%) was poor, and since there was only a small 
quantity of the corresponding sulphide in the form of higher-boiling material, it seems probable that 
a considerable amount of the original bromide was transformed into methyl vinyl ether. The theoretical 
quantity of ethylene chlorohydrin was added to a solution of the thiol in alcohol containing slightly 
more than one molecular proportion of sodium ethoxide. After the whole had been refluxed for an 
hour, it was cooled, and the sodium chloride removed by filtration. When the alcohol was removed 


from the filtrate and the residue fractionated, 2-hydroxy-2’-methoxydiethyl sulphide was obtained as . 


a colourless oil, b. p. 112°/15 mm. (Found: C, 43-4; H, 8-4. Calc. for C,H,,0,S: .C, 44:1; H, 8-8%). 
This compound has been isolated by Kretov (J. Russ. Phys. Chem. Soc., 1929, 61, 2345) from the products 
of the action of zinc on 2 : 2’-dichlorodiethyl sulphide in the presence of methyl alcohol. The process 
used to replace hydroxyl by chlorine in the substance was similar to that described above for the 
preparation of 2-chloroethyl n-heptyl sulphide, and 2-chloro-2’-methoxydiethyl sulphide was obtained 
as a colourless oil, b. p. 88°/12 mm. (Found : Cl, 23-0. C,H,,OCIS requires Cl, 23-0%). 
2-Chloro-2’-n-propoxydiethyl sulphide, colourless oil, b. p. 109—110°/12 mm. (Found: Cl, 19-6. 
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C,H,,OCIS requires Cl, 19-5%), was similarly prepared via 2-n-propoxyethylthiol, b. p. 48—50°/17 mm. 
(yield 65%), and 2-hydroxy-2’-n-propoxydiethyl sulphide, b. p. 128—129°/12 mm. 2-Chloro-2’-n- 
butoxydiethyl sulphide, colourless oil, b. p. 124°/12 mm. (Found: Cl, 17-7. C,H,,OCIS requires Cl, 
18-1%), was also similarly obtained via 2-n-butoxyethylthiol, b. p. 167° (yield: 68%), and 2-hydroxy- 
2’-n-butoxydiethyl sulphide, b. p. 141°/15 mm. 

2-Ethoxyethylthiol was prepared from 2-ethoxyethyl chloride by the method of Swallen and Boord 
(loc. cit.) and converted by a process similar to that described above for the methoxy-compound into 
2-hydroxy-2’-ethoxydiethyl sulphide, b. p. 115—117°/13 mm., which has been obtained in small amounts 
from 2 : 2’-dichlorodiethyl sulphide by Kretov (loc. cit.) by the action of zinc in the presence of alcohol, 
and by Davies and Oxford (loc. cit.) by hydrolysis with aqueous-alcoholic potassium hydroxide. The 
hydroxy-compound (158 g.) in dimethylaniline (191 g.) was kept cold while thionyl chloride (188 g.) 
was gradually added. After a short time the mixture was heated for 15 minutes on a steam-bath and 
then poured into an excess of dilute hydrochloric acid. The product was extracted with chloroform, 
dried (CaCl,), and fractionated. 2-Chloro-2’-ethoxydiethyl sulphide was obtained as a colourless oil 
(147 g.), b. p. 92-5°/11 mm. (Found: C, 42-9; H, 7-5; Cl, 20-6. Calc. for C,H,,OCIS: C, 42-7; H, 
7-1; Cl, 21-1%) (compare Kretov, loc. cit.). 

2-Chloro-2'-alkylthiodiethyl Sulphides—A solution of sodium (1-1 mols.) in alcohol was saturated 
with hydrogen sulphide at 0°, mixed with methyl 2-chloroethyl sulphide (prepared as described in 
Org. Synth., 14, 18), and heated in a pressure bottle at 60—65° for 6 hours. 2-Methylthioethylthiol, 
b. p. 57—61°/15 mm. (compare Moggridge, J., 1946, 1105), was isolated by pouring the mixture into 
water, and purified by distillation. The thiol was dissolved in an alcoholic solution of sodium ethoxide 
(1-05 mols.), and the whole raised to boiling with stirring under reflux on a water-bath. The flame 
was removed while ethylene chlorohydrin (1-1 mols.) was gradually added during 4—1 hour with con- 
tinued stirring. After the sodium chloride had been filtered off, the alcohol was removed on a steam- 
bath and the residue distilled under reduced pressure. 2-Hydroxy-2’-methylthiodiethy] sulphide was 
collected at 139—140°/9-5 mm. (compare Brown and Moggridge, J., 1946, 816, who made this substance 
from monothioethylene glycol). A solution of the hydroxy-compound in twice its volume of chloro- 
form was boiled under reflux in an all-glass apparatus (the use of corks led to a dark brown material, 
the purification of which was difficult), and the flame was removed while thionyl chloride (1-1 mols.) 
in four times its volume of chloroform was fairly rapidly added down the condenser. The whole was 
refluxed until hydrogen chloride was no longer evolved (14—3 hours). When all volatile material 
had been removed on the steam-bath, finally under reduced pressure, 2-chloro-2’-methylthiodiethy] 
sulphide (compare Brown and Moggridge, /oc. cit.) remained as a colourless oil, which solidified on being 
cooled and then melted again between 7° and 13° (Found: C, 35-2; H, 6-7; Cl, 19-4. Calc. for 
C,H, ,CIS,: C, 35-2; H, 6-5; Cl, 20-8%). 

Vg Pag yy sulphide (Found: C, 38-1; H, 7-0; Cl, 18-8. Calc. for C,H,,CIS, : 
C, 39-0; H, 7-0; Cl, 19-2%), similarly prepared, was obtained as a pale yellow oil which solidified in a 
freezing mixture and then melted between 4° and 10° (compare Demuth and Meyer, Joc. cit.). 2-Chloro- 
2’-n-propylihiodiethyl sulphide (Found: C, 42-1; H, 7-8; Cl, 17-8. C,H,,CIS, requires C, 42-3; H, 
7-6; Cl, 17-9%) was obtained as a pale yellow oil, which solidified on being cooled and then melted 
between 1° and 7°, by a similar process via 2-n-propylthioethylthiol, b. p. 75—77°/11 mm., and 
2-hydroxy-2’-n-propylthiodiethyl sulphide, b. p. 151—154°/10 mm. 2-Chlovo-2’-n-butylthiodiethyl 
sulphide (Found : C. 44-9; H, 7-7; Cl, 15-9. C,H,,CIS, requires C, 45-2; H, 8-0; Cl, 16-7%), a 
colourless oil which solidified in a freezing mixture and melted again between —8° and —2°, was similarly 
obtained via 2-n-butylthioethylthiol b. p. 90—92°/10 mm., and 2-hydroxy-2’-n-butylthiodiethyl 
sulphide, b. p. 163—165°/10 mm. It was not possible satisfactorily to distil any of these four chloro- 
compounds, owing to the ease with which they decomposed to give 1 : 4-dithian and the corresponding 
alkyl chloride. 

Sulphones.—The following were prepared from the corresponding sulphides by a process similar 
to that used by Brown and Moggridge (loc. cit.) for methyl 2-chloroethyl sulphone: 2-chlorodiethyl 
sulphone, b. p. 154—155°/18 mm., m. p. 20° (Found: Cl, 22-4. C,H,O,CIS —— Cl, 22-7%), 2- 
chloro-2’-n-propoxydiethyl sulphone, pale yellow oil, b. p..165—167°/9 mm. (Found : Cl, 16-7. C,H, ,0,CIS 
requires Cl, 16-6%), and 2-chloro-2’-n-butylsulphonyldiethyl sulphone. The last was not distilled, but 
was purified by crystallisation from glacial acetic acid, from which it separated in colourless plates, 
m. p. 188—189° (Found: Cl, 12-6. C,H,,0,CIS, requires Cl, 12-8%). 

Sulphilimines.—The sulphilimines now described were prepared by shaking the corresponding 
sulphide with an aqueous solution of chloramine-T (10% excess) until the product had solidified, and 
were purified by crystallisation from alcohol. That of methyl 2-chloroethyl sulphide was obtained in 
colourless prisms, m. p. 121° (Found: Cl, 12-7. C,.H,,O,NCIS, requires Cl, 12-7%), that of 2-chloro- 
ethyl allyl sulphide (the thio-ether was prepared as described by Scherlin and Wasilewsky, J. pr. Chem., 
1929, 121, 173) in colourless prisms, m. p. 60—61° (Found: Cl, 11-6. C,,H,,O,NCIS, requires Cl, 
11-6%), that of 2-chloro-2’-methoxydiethyl sulphide in colourless needles, m. p. 113° (Found: Cl, 11:1. 
C,,H,,O,NCIS, requires Cl, 110%), and that of 2-chloro-2’-n-propoxydiethyl sulphide in colourless 
prisms, m. p. 77—78° (Found: Cl, 10-3. C,,H,,O,NCIS, requires Cl, 10-1%). 


We are indebted to Sir Robert Robinson for his interest in these investigations, and to the Chief 
Scientist, Ministry of Supply, for permission to publish the work. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, February 20th, 1948.) 
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441. Compounds containing the 3-Chloroallyl Group. 
By A. F. Cuixtps, S. G. P. Prant, A. L. L. Tompsett, and G. A. WEEKs. 


As part of an investigation of vesicant compounds and in view of reports that 3-chloroallyl 
alcohol has a powerful effect on the skin, several substances containing the 3-chloroallyl group 
have been prepared for examination. These include a number which are analogous to 
well-known 2-chloroethyl compounds and contain the group attached to sulphur or nitrogen. 
Some substances containing the 3-chloroallyl group attached to oxygen in esters, urethanes, 
and acetals have been made, and 3-chloroallyldichloroarsine has been included. 


SEVERAL authors have emphasised the vesicant properties of 3-chloroallyl alcohol, 
CHCI°CH:CH,°OH (van Romburgh, Bull. Soc. chim., 1881, 36, 555; Henry, Compt. rend., 
1882, 95, 851; Kirrmann, Pacaud, and Dosque, Bull. Soc. chim., 1934, 1, 860). As part of an 
investigation into vesicant substances, it appeared of importance therefore to prepare certain 
compounds containing the 3-chloroallyl group, and related to known toxic types. For this 
purpose 3-chloroallyl chloride CHCI:CH°CH,Cl, was obtained by dehydraton of glycerol 
1 : 3-dichlorohydrin, CH,Cl~CH(OH)-CH,Cl, with phosphorus oxychloride as described by Hill 
and Fischer (J. Amer. Chem. Soc., 1922, 44, 2582). When treated with alcoholic sodium 
sulphide, the chloride gave 3 : 3’-dichlorodiallyl sulphide, (CHCI;CH’CH,),S, while 2-hydroxyethyl 
3-chloroallyl sulphide, CH,(OH)*CH,°S‘CH,*CH:CHCI, was obtained by the action of the sodium 
salt of monothioethylene glycol. This hydroxy-compound, which was also prepared from the 
thiol, CHCI;CH-CH,°SH, and ethylene chlorohydrin, was converted by thionyl chloride into 
2-chloroethyl 3-chloroallyl sulphide, CH,Cl*CH,*S*CH,*CH:CHCI, whence by a similar sequence 
of reactions with monothioethylene glycol 1-(2’-Aydroxyethylthio)- and 1-(2’-chloroethylthio)-2-(3’- 
chloroallylthio)ethane, CH,R°CH,°S:CH,°CH,°S*CH,°CH:CHCl (R = OH or Cl), were obtained. 
1 : 2-Di-(3’-chloroallylthio)ethane, (CHCI:-CH’CH,°S’CH,),, was prepared from the above thiol 
and ethylene dibromide, and methyl 3-chloroallyl sulphide, CH,*S*CH,°CH:CHCI, from the 
chloride and methylthiol. 

Di-(3-chloroallyl)amine, (CHCI:CH*CH,),NH, and ¢ri-(3-chloroallyl)amine, (CHCI:CH-CH,),N, 
have been isolated from the product of the action of alcoholic ammonia on 3-chloroallyl chloride, 
while the tertiary base has also been obtained in a similar way from the corresponding iodide. 
The secondary base was methylated by heating its formate with paraformaldehyde (compare 
Clarke, Gillespie, and Weisshaus, J. Amer. Chem. Soc., 1933, 55, 4571; see also this vol., p. 2174) 
with the formation of methyldi-(3-chloroallyl)amine, which has been described by von Braun, 
Kihn, and Weismantel (Annalen, 1926 449, 249) as one of the products of the action of 
methylamine on 3-chloroallyl chloride. 

Several substances containing the 3-chloroallyl group attached to oxygen have been prepared. 
The action of silver chloroacetate on 3-chloroallyl iodide gave the expected ester, from which 
3-chloroallyl iodoacetate, CH,I-CO,CH,°CH:CHCI, was obtained by treatment with sodium iodide 
in acetone. Addition of 3-chloroallyl alcohol to carbonyl chloride led to the chloroformate, 
Cl-CO,CH,°CH:CHCl, which was converted by aniline into 3-chloroallyl carbanilate, 
NHPh:CO,CH,*CH:CHCI, also obtained from the alcohol and phenyl isocyanate, and by 2-chloro- 
ethylamine into the corresponding 2-chloroethylcarbamate, CH,Cl*CH,*NH°CO,CH,°CH:CHCI. 
Attempts to obtain a nitrosourethane from the latter gave products which could not be purified. 
Condensation of 3-chloroallyl alcohol with the appropriate aldehydes gave the acetals, 
CHR(O’CH,°CH:CHCl), (R=H or CH,;), while the sulphur-containing analogue, 
CH,*CH(S°CH,°CH:CHCI),, was obtained from the corresponding thiol. 

3-Chiloroallyl thiocyanate was prepared from the chloride with potassium thiocyanate, 
and its identity was confirmed by its conversion into 3-chloroallyl acetyldithiocarbamate, 
CHCI°:CH:CH,'S:CS:NHAc, on treatment with ethanethioic acid (see Wheeler and Merriam, 
J. Amer. Chem. Soc., 1901, 28, 283), but when heated in attempts to obtain a mustard oil, it 
suffered profound decomposition. 3-Chloroallyldichloroarsine, CHCI-;CH*CH,AsCl,, has been 
made from the chloride through the corresponding arsonic acid. 

The presence of the 3-chloroallyl group in a compound leads to the possibility of geometrical 
isomerism, and frequent reference to this feature was made by us in 1943—1944 in Extra-Mural 
Reports of the Ministry of Supply. In this connexion it is of interest that Hatch and Moore 
(J. Amer. Chem. Soc., 1944, 66, 285) have isolated two forms of 3-chloroallyl chloride, b. p.s 
104°3° and 112°, by careful fractionation of a residue obtained from the distillation of crude 
allyl chloride prepared by the chlorination of propylene, and have converted them into the 
corresponding forms of 3-chloroallyl alcohol, both of which have delayed vesicant action. 
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EXPERIMENTAL. 


The preparation of 3-chloroallyl chloride by the method of Hill and Fischer (loc. cit.) was carried 
out several times, but the yield of material, b. p. 106—109-5°, never exceeded 40% of the theoretical. 
= — claim a 75% yield, but Hurd and Webb (J. Amer. Chem. Soc., 1936, 58, 2190) reported 
only b- 

3: 3’-Dichlorodiallyl Sulphide——When 3-chloroallyl chloride (22-2 g.) was slowly added to a solution 
of sodium sulphide crystals (24 g.) in hot alcohol (100 c.c.) under reflux, the mixture boiled without 
external heating. The whole was boiled for a further 4 hour, and most of the alcohol was removed by 
distillation. The oil which separated when the residue was poured into water was extracted with 
ether, washed with aqueous sodium hydroxide, and dried. After removal of the ether, the product was 
distilled and 3 : 3’-dichlorodiallyl sulphide (14-9 62 collected as an almost colourless liquid, b. p. 116— 
117°/19 mm. (Found: C, 39-0; H, 4-5. C,H,Cl,S requires C, 39-3; H, 4-4%). 

2-Hydroxyethyl 3-Chloroallyl Sulphide.—(A) Monothioethylene glycol (24-6 g.) was added to a solution 
of sodium (8-3 g.) in alcohol (150 c.c.), the mixture heated to boiling on a water-bath, and the flame 
removed while 3-chloroallyl chloride (35 g.) was slowly added with mechanical stirring. After the 
whole had been stirred for a further hour, the sodium chloride was filtered off and washed with alcohol. 
When the united alcoholic solutions were fractionated, 2-hydroxyethyl 3-chloroallyl sulphide (34-2 g.) was 
~~ ny a =— oil, b. p. 136—139°/20 mm. (Found: C, 39-2; H, 6-1. C,H,OCIS requires 

, 39-3; H, 59%). 

(B) After a solution of sodium (6-9 g.) in alcohol (120 c.c.) had been saturated with dry hydrogen 
sulphide at 0°, 3-chloroallyl chloride (27-7 g.) was added, and the mixture heated in pressure bottles at 
60° for 6 hours. The oily thiol which separated when the whole was poured into water was extracted 
with ether, dried, and distilled. It was obtained as a colourless liquid (12-2 g.), b. p. 43—45°/27 mm., 
and was then added to a solution of sodium (3 g.) in alcohol (65c.c.). After the mixture had been heated 
to the boiling point, ethylene chlorohydrin (10-4 g.) was added during 40 minutes with mechanical 
stirring, the whole was refluxed for 4 hour, the sodium chloride removed by filtration, and the alcoholic 
solution fractionated. 2-Hydroxyethyl 3-chloroallyl sulphide (7-9 g.) was collected at 135—137-5°/16 
mm. (Found: C, 38-7; H, 5-8%). 

2-Chloroethyl 3-Chloroallyl Sulphide.—Thionyl chloride (16-4 g.) in chloroform (20 c.c.) was slowly 
added with mechanical stirring to a solution of the above hydroxy-compound (20 g.) in hot chloroform 
(30 c.c.), and the whole was gently refluxed for 2 hours. When the solution was then fractionated, 
2-chloroethyl 3-chloroallyl ex 18-6 g.) was obtained as a colourless oil, b. p. 113—114°/17 mm. 
(Found: C, 35-2; H, 4-5. C,H,Ci,S requires C, 35-1; H, 4:7%). 

1 : 2-Di-(3’-chloroallylthio)ethane.—After the above thiol (21-5 g.), from 3-chloroallyl chloride, had 
been added to sodium (4-6 g.) in alcohol (150 c.c.), and the whole raised to the boiling point under reflux, 
ethylene dibromide (19 g.) was added during } hour with stirring. When the mixture had been refluxed 
for 5 hours with continued stirring, and cooled, the sodium bromide was filtered off, and the filtrate 
fractionated. 1 : 2-Di-(3’-chloroallylthio)ethane (8-1 g.) was collected as a yellow oil, b. p. 192— 
194°/19 mm., which solidified on standing. After redistillation, the product was crystallised from 
— — oy in colourless plates, m. p. 45—49° (Found: C, 39-3; H, 4-8. C,H,,Cl,S, requires 

- , , ‘O/* 

1-(2’-Chloroethylthio)-2-(3’-chloroallylthio)ethane.—Obtained from 2-chloroethyl 3-chloroallyl sulphide 
by a process similar to the first method described above for the preparation of 2-hydroxyethy] 3-chloroallyl 
sulphide, 1-(2’-hydroxyethylthio)-2-(3’-chloroallylthio)ethane was isolated as a pale brown oil, b. p. 195— 
200°/27 mm. (Found: C, 39-3; H, 6-1. C,H,,OCIS, requires C, 39-5; H,6-1%). After its solution in 
chloroform had been refluxed for an hour in an all-glass apparatus with a small excess of thionyl chloride, 
all volatile material was removed under reduced pressure at 40°, and 1-(2’-chloroethylthio)-2-(3’-chloroallyl- 
thio)ethane remained as a dark brown oil (Found: C,.36-8; H, 5-5. C,H,,Cl,S, requires C, 36-4; H, 
5:2%). No attempt was made to distil the product since substances of this type readily change into 
derivatives of 1 : 4-dithian. 

Methyl 3-Chloroallyl Sulphide—Prepared from *3-chloroallyl chloride and the sodium salt of 
methylthiol under conditions similar to those used for 2-hydroxyethy] 3-chloroallyl sulphide (method A), 
this sulphide was obtained as a colourless oil, b. p. 55°/21 mm. (Found: C, 39-0; H, 6-0. C,H,CiS 
requires C, 39-2; H, 5-7%). 

Di- and Tri-(3-chloroallyl)amine.—(A) When dry ammonia was passed into 3-chloroallyl chloride 
(96 g.), dissolved in alcohol (600 c.c.), until the solution had gained 25 g. in weight, and the whole left 
for a fortnight at room temperature, a considerable quantity of ammonium chloride separated. After 
filtration, the filtrate was evaporated to dryness under reduced pressure on a steam-bath, and the 
residue made alkaline with the least possible quantity of concentrated aqueous potassium hydroxide. 
The oily product was extracted with ether, and the extract was dried (MgSO,) and fractionated. Three 
fractions were collected at (i) 40—70°/21 mm., (ii) 105—115°/21 mm., and (iii) 157—159°/21 mm. 
When the first of these was redistilled at atmospheric pressure, a liquid (3-5 g.), b. p. 95—119°, was 
collected, and this appeared to consist largely of 3-chloroallylamine, but the primary base has not been 
obtained in a pure condition. Further distillation of the middle fraction gave me ge oo 
(9-7 g.) as a pale yellow oil, b. p. 103-6—104°/17 mm. (Found: C, 43-3; H, 5-7; N, 8-5. C,H,NCl, 
requires C; 43-4; H, 5-4; N, 84%). The third fraction (23 g.) was tri-(3-chloroallyl)amine, and on 
redistillation it was collected as an almost colourless oil at 145—147°/15 mm. (Found: C, 44-5; H, 
5-3; N, 6-1. C,H,,NCI, requires C, 44-9; H, 5-0; N, 5-8%). 

(B) When 3-chloroallyl chloride (77-8 g.) was added to a solution of sodium iodide (116 g.) in acetone 
= c.c.), there was an immediate precipitation of sodium chloride. After the whole had been refluxed 

or 2 hours, some of the acetone (300 c.c.) was distilled off, and the residue treated with water (600 c.c.). 
When the oily 3-chloroallyl iodide was shaken with aqueous sodium thiosulphate until colourless, dried, 
and distilled (yield 104-6 g.), it boiled at 69—70°/32 mm. This iodide has been obtained by the use of 
other reactions (van Romburgh, Rec. Trav. chim., 1882, 1, 233; Kirrmann, Pacaud, and Dosque, Joc. 
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cit.; Bert and Andor, Compt. rend., 1932, 194, 722). Dry ammonia was passed into a solution of the 
iodide (100 g.) in alcohol (200 c.c.), cooled in ice-water, until an increase in weight of 14 g. had been 
attained, and the whole was heated at 60° for 8 hours. When the alcohol was distilled off under reduced 
pressure and the residue treated as described under (A), tri-(3-chloroallyl)amine (24-5 g.) was obtained 
at 154—155-5°/17 mm., and the amounts of the lower-boiling fractions were less than from 3-chloroallyl 
chloride. 

Methyldi-(3-chloroallyl)amine.—When a mixture of di-(3-chloroallyl)amine (9-5 g.), anhydrous formic 
acid (2-65 g.), and paraformaldehyde (1-7 g.) was slowly heated under reflux, the evolution of carbon 
dioxide began at about 60° and was exceedingly brisk fora few moments. After being kept at 100—120° 
for 4 hour, the liquid, in ether (50 c.c.), was shaken with toluene-p-sulphony] chloride (1-5 g.) and potassium 
hydroxide (2 g.), in water (15 c.c.), to ensure removal of any secondary base, the ether washed with water, 
and the tertiary base extracted with dilute hydrochloric acid. Methyldi-(3-chloroallyl)amine, recovered 
by the addition of alkali, was extracted with ether, dried, and distilled, and was collected as a colourless 
oil (7-0 g.), b. p. 95—97°/10 mm. (Found: C, 47-3; H, 6-2. Calc. for C,H,,NCl,: C, 46-7; H, 6-1%). 

3-Chloroallyl Chloro- and Iodo-acetate——When a suspension of , freshly prepared silver 
chloroacetate (85-5 g.) in ether (50 c.c.) was treated with a solution of 3-chloroallyl iodide (45-3 g.) in 
ether (50 c.c.) under reflux, a steady reaction ensued, the ether boiled without external heating, and the 
solid became yellow. After the reaction had subsided, the whole was refluxed for 2 hours, cooled, and 
filtered. The filtrate was fractionated, and 3-chloroallyl chloroacetate obtained as a colourless oil (17 g.), 
b. p. 95—100-5°/13 mm. (Found : C, 35-1; H, 3-6. C,H,O,Cl, requires C, 35-5; H, 3-6%). A mixture 
of the ester (16-2 g.), sodium iodide (16-2 g.), and acetone (100 c.c.) was refluxed for 2 hours, and filtered 
from the precipitated sodium chloride. After the precipitate had been washed with acetone, the solvent 
was distilled from the united solutions, and the residue treated with water. An ethereal extract of the 
product was shaken with aqueous sodium thiosulphate, dried, and fractionated. 3-Chloroallyl 
todoacetate was collected as a colourless oil (14-4 g.), b. p. 122—-124°/14 mm. (Found: C, 22-8; H, 2-6. 
C,H,0O,CII requires C, 23-0; H, 2-3%). 

3-Chloroallyl Carbanilate—A mixture of phenyl isocyanate (1 g.) and 3-chloroallyl alcohol (2 g., 
prepared as described by van Romburgh, loc. cit.) was heated for 5 minutes at 100° and then shaken 
with water. When the product, which solidified on standing overnight, was collected, washed with water, 
dried, and crystallised from light petroleum, 3-chloroallyl carbanilate was obtained in colourless needles, 
m. p. 53—54-5° (Found: C, 56-7; H, 4-6. C,)H,.O,NCI requires C, 56-7; H, 4-7%). 

3-Chloroallyl Chloroformate.—After 3-chloroallyl alcohol (21-7 g.) had been added dropwise to carbonyl 
chloride (27 c.c.), cooled in a mixture of ice and salt, at such a rate that the temperature did not rise 
above 0°, the whole was left at room temperature overnight. The excess of carbonyl chloride was 
removed in a current of dry air at 20°, the residue was dried (MgSO,), and distilled, and a liquid obtained 
over the range 90—160°. When this was fractionated through a short column, 3-chloroallyl chloro- 
formate (17-5 g.) was collected at 150—160° (Found: Cl, 45-9. C,H,O,Cl, requires Cl, 45-8%). After 
equimolecular proportions of the product and aniline had been mixed in ether, an aqueous solution 
containing slightly more than a molecular proportion of potassium hydroxide was gradually added with 
mechanical stirring at 0°. When the ethereal solution was dried and evaporated, and the residue 
crystallised from light petroleum, 3-chloroallyl carbanilate separated in colourless needles, m. p. 51—52°, 
identical (mixed m. p.) with the above substance. 

3-Chloroallyl 2-Chloroethylcarbamate.—3-Chloroallyl chloroformate (10 g.) and a solution of potassium 
hydroxide (7-2 g.) in water (50 c.c.) were added concurrently during about } hour to a solution 
of 2-chloroethylamine hydrochloride (15 g.) in water (20 c.c.) which was cooled in ice-water and stirred. 
When the product was extracted with ether, dried, and fractionated, 3-chloroallyl 2-chloroethylcarbamate 
ny eee as y, oe oil (6 g.), b. p. 156°/16 mm. (Found: C, 36-8; H, 4-7. C,H,O,NCI, requires 

, 36-4; H, 45%). 

Di-(3-chloroallyloxy)methane.—After a mixture of 3-chloroallyl alcohol (18 g.), paraformaldehyde 
(3 g.), and anhydrous ferric chloride (0-5 g.) had been heated at 100° for 6 hours in a flask fitted with a 
reflux condenser, the lower aqueous layer was removed and the oily product washed twice with water 
(5 + before being dried (K,CO,). On distillation, di-(3-chloroallyloxy)methane was obtained as a 
colour ess oil (7-1 g.), b. p. 108—123°/20 mm. (Found: C, 42-9; H, 5-3. C,H,,0,Cl, requires C, 42-6; 
H, 5-1%). 

1 : 1-Di-(3-chloroallyloxy)ethane.—After powdered, anhydrous calcium chloride (3 g.) had been shaken 
for a few minutes with 3-chloroallyl alcohol (20 g.), the mixture was cooled to 0° and treated with 
acetaldehyde (5-5 g.). The whole was vigorously shaken for } hour at room temperature, and then 
left for 30 hours with occasional shaking. Water (4 c.c.) was added to dissolve the calcium chloride, 
and the upper oily layer was washed with water, and dried. When distilled, it gave 1 : 1-di-(3-chloro- 
allyloxy)ethane as a,colourless oil (9 g.), b. p. 1156—120°/16 mm. (Found: C, 45-1; H, 5-7. C,H,,0,Cl, 
requires C, 45-5; H, 5-7%). 

1 : 1-Di-(3-chloroallylthio)ethane.—When a mixture of the thiol (15 g.), from 3-chloroallyl chloride, 
and acetaldehyde (3 g.) was cooled in ice-water and shaken for a few minutes with anhydrous zinc 
chloride (3 g.), an aqueous layer soon began to separate. After the whole had been left for a day, water 
(10 c.c.) was added, and the oily product extracted with ether. When the extract was washed with 
water, dried, and fractionated, 1 : 1-di-(3-chloroallylthio)ethane was obtained as a pale yellow oil (8-5 g.), 
b. p. 162—164°/13 mm. (Found: C, 38-6; H, 4-7. C,H,,Cl,S, requires C, 39-5; H, 49%). 

3-Chloroallyl Thiocyanate.——Potassium thiocyanate (9-7 g.) in water (5 c.c.) was mixed with 
3-chloroallyl chloride (15-7 g.) in alcohol (50 c.c.), the solution left overnight, and then refluxed for an 
hour. After distillation in steam, the product was extracted with ether, dried, and fractionated. 
3-Chloroallyl thiocyanate was obtained as a colourless oil, b. p. 72—78°/0-2 mm. (Found: C, 35-2; H, 3-0. 
C,H,NCIS requires C, 36-0; H, 3-0%). 

3-Chloroallyl Acetyldithiocarbamate.—After a mixture of the above thiocyanate (3-3 g.), ethanethioic 
acid (1-9 g.), and benzene (25 c.c.) had been refluxed for 3} hours, the solvent was removed under reduced 
pressure, and the residue crystallised from sec.-butyl alcohol. 3-Chloroallyl acetyldithiocarbamate (4 g.) 
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was obtained in pale yellow plates, m. p. 105° (Found : C, 34-4; H, 3-9; S, 30-9. C,H,ONCIS, requires 
C, 34-4; H, 3-8; S, 30-6%). 

3-Chloroallyldichloroarsine.—3-Chloroallyl chloride (27-75 g.) was added to arsenious oxide (20 g.) 
dissolved in a solution of sodium hydroxide (24 g.) in water (200 c.c.), and contained in a flask fitted with 
a reflux condenser and mechanical stirrer (mercury seal). The mixture was gradually heated, with 
stirring, to 100°, at which it was kept for 3 hours. After all volatile material had been removed in 
steam, the residual aqueous solution was cooled, treated with concentrated hydrochloric acid (255 c.c.), 
and quickly filtered. A few crystals of potassium iodide were added, and sulphur dioxide passed through 
the solution for 3 hours. When the oily product was extracted with carbon tetrachloride, and the extract 
dried (MgSO,) and fractionated, 3-chloroallyldichloroarsine was obtained as an almost colourless oil 
(11-6 &). b. p. atin mm. (Found: C, 15-6; H, 2-2; Cl, 47-7. C,H,Cl,As requires C, 16-2; H, 
1-8; Cl, 48-1%). 


We are indebted to Sir Robert Robinson for his interest in these investigations, and to the Chief 
Scientist, Ministry of Supply, for permission to publish the work. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, February 20th, 1948.) 





442. The Preparation and Reactions of Carbonyl and Sulphuryl 
Fluorides and Chlorofluorides. 


By H. J. Emertus and J. F. Woop. 


The preparation of carbonyl fluoride and chlorofluoride by the autoclave reaction 
of carbonyl chloride with antimony trifluoride is described. Sulphuryl fluoride and chloro- 
fluoride may be similarly prepared from antimony trifluoride and sulphuryl chloride, but 
sulphuryl fluoride is more conveniently obtained from sulphur dioxide and argentic fluoride. 
Reactions of these substances are described, and it is shown that sulphuryl fluoride and 
chlorofluoride give no fluorinating reaction analogous to the chlorinating reaction of sulphuryl 
chloride catalysed by benzoyl peroxide. 


CARBONYL fluoride was first prepared in a pure state by Ruff and Miltschitzky (Z. anorg. Chem., 
1934, 221, 154) by the interaction of carbon monoxide and argentic fluoride. An alternative 
method of preparation by the reaction of carbonyl chloride with hydrogen fluoride under 
pressure, using antimony pentachloride as a catalyst, yields both the fluoride and the chloro- 
fluoride, but the former is always contaminated by hydrogen chloride (Simons, Herman, and 
Pearlson, J. Amer. Chem. Soc., 1946,68, 1672). Carbonyl] fluoride and hydrogen chloride, b. p. — 83° 
and —83°7° respectively, cannot be separated by distillation. The preparative method described 
below is based on the autoclave reaction between carbonyl chloride and antimony trifluoride. 
It may be made to yield either carbonyl fluoride or the chlorofluoride as the main product, and 
has the advantage that the preparation of carbony] fluoride free from hydrogen chloride is possible. 
The carbonyl fluoride is contaminated with 5—10% of carbon dioxide, which does not interfere 
with the study of the reactions with certain organic compounds. 

Carbonyl fluoride is hydrolysed by water to carbon dioxide and hydrogen fluoride. It 
attacks glass but may be handled in silica or metal apparatus. No reactions with organic 
compounds have been described in the literature. It is now shown that the products with 
aniline, methylaniline, diethylamine, ethanol, and phenol are phenylcarbamy] fluoride, phenyl- 
methylcarbamyl fluoride, diethylcarbamyl fluoride, ethyl fluoroformate, and phenyl fluoroformate 
respectively. Buckley, Piggott, and Welch (j., 1945, 864) first prepared phenylcarbamyl 
fluoride by the addition of hydrogen fluoride to phenyl isocyanate, and Ray (Nature, 1933, 182, 
173) prepared ethyl fluoroformate from ethyl chloroformate and thallous fluoride: the other 
compounds mentioned are new. The table below compares the boiling and melting points of 
the analogous fluoro- and chloro-derivatives. The fluoro-compounds are in general more 
stable to heat and less readily hydrolysed. 


Deriv. from : Fluoro-compound. Chloro-compound. 
PE sacenanccstavccsescensectts M. p. 32° M. p. 58° 
PEERED | nccievecssoranconespecss B. p. 109/14 mm. M. p. 88? 
ere B. p. 154 B. p. 187—190 * 
ETE gig><bshascinctacehantecienet B. p. 57 B. p. 94 
RITES scscovccncvacacecsanzecenossos B. p. 153 B. p. 187 (decomp.) * 


1 Michler and Zimmermann, Ber., 1879, 12, 1165. 
2 Lumiére and Perrin, Bull. Soc. chim., 1904, 31, 689. 
* Hentschel, J. pr. Chem., 1887, 36, 305. 


In its reactions with amines and ethanol, carbonyl chlorofluoride behaved as the acid 
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chloride of the hypothetical fluoroformic acid. With diethylamine, methylaniline, and ethanol 
under suitable conditions only the carbamyl fluorides and fluoroformate were produced. 

Sulphury] fluoride was first prepared by Moissan and Lebeau (Compt. rend., 1901, 132, 374) 
by the direct union of fluorine and sulphur dioxide on a hot platinum wire. Traube, Hoerenz, 
and Wunderlich (Ber., 1919, 52, 1272) prepared it by heating barium fluorosulphonate. It has 
been found, however, that the compound is more conveniently prepared by the reaction of 
sulphur dioxide with argentic fluoride. Some investigations were also made on the autoclave 
reaction between sulphury] chloride and antimony trifluoride. With antimony pentachloride 
as a catalyst a 25% yield of sulphuryl fluoride was obtained, the other volatile product being 
sulphur dioxide, which is believed to be formed by reaction of sulphuryl chloride (a) with the 
walls of the autoclave or (b) with the antimony trifluoride, giving quinquevalent antimony 
halide. In an attempt to eliminate the second of these side reactions, antimony trifluoride was 
replaced by antimony trifluorochloride but the formation of sulphuryl fluoride was almost 
completely suppressed, sulphuryl chlorofluoride being obtained in fair yield (65%). The 
treatment of sulphury] chlorofluoride with fresh antimony trifluorodichloride also gave only a 
low yield (5%) of the fluoride, together with much sulphur dioxide. Almost half of the chloro- 
fluoride was recovered unchanged. Most of the sulphuryl fluoride used in this investigation 
was made from sulphur dioxide and argentic fluoride. 

Sulphury] chlorofluoride was first prepared in an impure state by Davies and Dick (J., 1932, 
2042) by chlorination of toluene-o-sulphony] fluoride. This reaction has now been re-examined, 
and the product characterised. Booth and Herrmann (J. Amer. Chem. Soc., 1936, 58, 63) 
described the autoclave reaction between sulphuryl chloride and antimony trifluoride, with 
antimony pentachloride as a catalyst. The reaction was studied in an autoclave fitted with a 
water-cooled head, through which the volatile products were continuously taken off. At 
300°/6°5 atm. no sulphury] fluoride was obtained, the chlorofluoride being contaminated with 
sulphur dioxide. Gowland (B.P. 527,713) has shown that yields of the chlorofluoride up to 
90% are obtained in this reaction if a little water is used as a catalyst, but no sulphury] fluoride 
results. In repeating these experiments on the preparation of sulphuryl fluoride, a closed 
autoclave which was not fitted with a reflux head was employed. Much higher pressures 
(up to 100 atm.) were observed, which may well account for the production of the fluoride 
(see above) as well as the chlorofluoride in the present experiments. 

The chief interest in studying the reaction of sulphury] fluoride and chlorofluoride was in 
their possible use as halogenating agents. Kharasch and Brown (J. Amer. Chem. Soc., 1939, 
61, 2142; Ind. Eng. Chem., 1944, 36, 785) have shown that sulphuryl chloride, catalysed by 
benzoyl] peroxide, is able to chlorinate hydrocarbons at reasonably low temperatures. Typical 
reactions of this type are described below in which sulphury] fluoride has been used in place of 
sulphury] chloride, but it was found that no fluorination resulted. On the other hand, the 
reactions of sulphuryl fluoride and chlorofluoride with diethylamine were vigorous, leading to 
the formation of diethylsulphamyl fluoride with sulphuryl fluoride, and diethylsulphamy} 
chloride with sulphuryl chlorofluoride. The former has been prepared by the fluorination of 
diethylsulphamyl] chloride with a concentrated aqueous solution of potassium fluoride (B.P. 
457,119), and the latter by the reaction between diethylamine and sulphury] chloride (Binkley 
and Degering, J. Amer. Chem. Soc., 1939, 61, 3250). This difference in the behaviour of 
sulphuryl chloride and fluoride may be attributed to the difference in the strength of the S-Cl 
and S-F bonds. The catalytic reaction of benzoyl peroxide in the case of sulphuryl chloride is 
attributed by Kharasch to the primary formation of a phenyl radical which reacts as follows : 

C,H,’ + SO,Cl, —>SO,CI’ + C,H,Cl 
SO,Cl° —> SO, + CI’ 
: Cl’ + RH—>R’ + HCl 
It appears from the experiments described here that sulphuryl fluoride is sufficiently stable to 
resist the first step in such a reaction. 


EXPERIMENTAL. 


Fluorinations under pressure were carried out in a rotating mild steel autoclave (1500 c.c. capacity) 
fitted with a thermometer pocket, fine-adjustment outlet valve, and Bourdon gauge. It was gas-heated. 
In charging it with substances boiling below room temperature the liquefied gas was sucked into 
the autoclave while the latter was cooled in an ice-salt mixture. Alternatively, the autoclave was 
cooled by allowing liquid air to evaporate in it, and the liquified gas was poured in. The copper autoclave 
used in the preparation of carbonyl chlorofluoride was of the type described by Booth and Herrmann 
(loc. cit.). 

The low-temperature still (Fig. 1) had a vacuum-jacketed glass tube A (400 mm. x 15 mm.) packed 
with single-turn Fenske spirals, and was surrounded by an aluminium tube to act as thermal insulator. 
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The still-pot, B, was heated in an alcohol-bath on an electric hot-plate, and the rising vapours were 
condensed in the still head C which, for gases boiling above about — 70°, was filled with a solid carbon 
dioxide—alcohol mixture. For temperatures below — 70° the still head was filled with a suitable liquid 
maintained at its m. p. by the occasional addition of liquid nitrogen. The condensed liquid passed over 
the tip of the thermocouple (D) placed against the edge of the weir at E. The b. p. of liquids boiling 
below room temperature was indicated by the minimum temperature of the refluxing liquid. A little 
of the refluxing liquid was retained in the tube F leading to the tap G, lubricated with a silicone grease, 
which was opened momentarily when the column reached equilibrium to allow some of the reflux to 
flow into the cooled receiver H. Successive quantities of distillate were drawn off in this way as equilibrium 
was re-established in the column. 

An apparatus for the measurement of boiling points below room temperature is shown in Fig. 2. The 
condenser A was suitably cooled below the b. p. of the compound, and the liquid in B (2—3 c.c.) was 
allowed to boil gently, some of the reflux being trapped in the well C, whilst the bulk returned to B by the 
spill-over hole. The temperature was recorded by 
the thermocouple with its tip immersed in the liquid 
in C. 

Preparation of Carbonyl Chlorofluoride —Com- 
mercial antimony trifluoride (1 mol.), dried at 120° 
and ground to a fine powder, carbonyl chloride (4 
mols. = 33% excess), and antimony pentachloride 
(10 c.c.) were heated to 135° in the copper autoclave 
for one hour. The reflux head was cooled by running 
water at 15°. The pressure rose from an initial 
value of 40 Ib./in.? to approx. 475 lb./in.*. The 
gases were led off from the cold autoclave, and the 
carbonyl chlorofluoride and unreacted carbonyl 
chloride condensed in glass traps cooled in solid 
carbon dioxide. A small quantity of carbonyl 
fluoride (b. p. —83°) escaped. The condensed gases 
were separated by distillation in the low-temperature 
liquid take-off still. Carbonyl chlorofluoride (2-1 
mols.) was collected at approximately —45°. The 
unreacted carbonyl chloride amounted to 1-4 mols. 
The calculated yield of carbony] fluoride was 0-3 mol. \ 
The carbonyl chlorofluoride was stored in glass A 
globes attached to a vacuum system. It was re- 
fractionated three times, and the head and tail thirds #. 




















rejected each time. The final middle fraction was 
taken back into the vacuum system and used for 
analysis and the measurement of vapour pressures 
and of the molecular weight by the Regnault method. 
After the molecular-weight determination, the 
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weighed sample of gas was quantitatively transferred 
in the vacuum system to a vessel containing an 
excess of alcoholic potassium hydroxide. The Y 
chloride in the resulting solution of potassium N B 
carbonate, fluoride, and chloride was determined by 
titration using Pugh’s method (J., 1937, 1824), which B 

is valid for the determination of chlorides in the 

presence of fluorides (Found: Cl, 43-0; M, 83-6, ° 

83-2. Calc. for COCIF: Cl, 43-0%; M, 82-5). The Fic. 1. Fic. 2. 
vapour-pressure measurements over the range 

—46-3° to —116-5° were made by the static method, using a silica U-tube manometer and a vapour- 
pressure finger. The carbonyl chlorofluoride was thus only in contact with silica and mercury throughout 
the series of measurements. The mercury pressure was measured with a cathetometer, and the temper- 
atures with suitable vapour-pressure thermometers (ethylene, carbon dioxide, and ammonia). 

The data are represented by the equation log P (mm.) = 7-9235 — 1151-5/T, where T is in °K., the 
calculated b. p. being —45-0° + 0-2°. 

Preparation of Carbonyl Fluoride—Carbonyl chloride (3 mols.) and antimony trifluoride 
(3-75 mols. = 50% excess) were heated in the rotating autoclave for 12 hours. In certain runs, and in 
certain preparations of carbonyl chlorofluoride, bromine or antimony pentachloride was added to test 
its effect as a catalyst, but these appeared to have little influence on the ease ofreaction. Inthe particular 
run described, antimony pentachloride was not added. The autoclave was kept between 200° and 280°, 
and the pressure rose to 150 atm. The pressure in the cold autoclave was 40 atm. The gas was freed 
from carbonyl chloride and chlorofluoride by passage through copper traps cooled in solid carbon dioxide. 
The purity of the carbonyl fluoride was determined as follows: The gas was slowly passed down a silver 
tube into a tared flask containing a known excess of standard alkali, the quantity of gas absorbed being 
found by the increase in weight of the solution; the solution was back titrated by standard hydrochloric 
acid in the cold to the phenolphthalein end-point, and was then heated to its boiling point to decompose 
the bicarbonate, and the titration continued until the pink colour of the phenolphthalein failed to reappear 
on further boiling. The first titration value depended on the quantity of carbon dioxide in the carbonyl 
fluoride, and the second value on the fluoride content of the solution, i.e., on the carbonyl fluoride. As 
a check, one solution was analysed for fluorine by quantitative precipitation as calcium fluoride. Values 
obtained in various runs were COF, = 89-5, 92-5, 90-5; 95-2 (as CaF,); CO, = 6-5, 5-5, 85%. The 
figures for carbon dioxide are uncertain owing to uncertainties in the first end-point and the percentages 
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do not total 100%. However, it is apparent that carbonyl fluoride prepared by this method is 90—95% 
pure. The hydrolysed solution did not contain chloride and hence the carbonyl fluoride was free from 
hydrogen chloride. 

Reactions of Carbonyl Fluoride.—(1) With aniline : preparation of phenylcarbamyl fluoride. Carbonyl 
fluoride, from the autoclave, was purified by passage through two copper traps cooled in solid carbon 
dioxide. The gas was bubbled through ether (100 c.c.) into which was slowly dropped a solution of 
aniline (5 g.) in ether (50 c.c.). Considerable quantities of diphenylurea were formed and tended to clog 
the tip of the dropping funnel. When all the aniline had been added, the urea and aniline hydrofluoride 
were filtered off and the ether evaporated off ina vacuum. The solid residue of phenylcarbamy] fluoride 
was crystallised from ether-pentane (Found: N, 10-0. Calc. for C,H,ONF: N, 10-1%). The solid 
gave no depression of m. p. (32°) when mixed with a sample of phenylcarbamy] fluoride prepared by the 
addition of hydrogen fluoride to phenyl isocyanate. On hydrolysis with water, a solution of hydrofluoric 
acid was obtained together with a white crystalline solid, diphenylurea (m. p. 238°). 

(2) With methylaniline : preparation of AeA emermrag, ~ fluoride. An excess of carbonyl fluoride 
was passed into a solution of methylaniline (5 g.) in benzene (50 c.c.). The liberated hydrogen fluoride 
was absorbed on sodium fluoride. The solids formed were filtered off, the benzene evaporated, and the 
liquid residue distilled in a vacuum (b. p. 103—109°/14 mm.). On redistillation, the main fraction 
(b. p. 109°/14 mm.) was analysed (Found: C, 62-8; H, 5-2; N, 9-0. C,H,ONF requires C, 62-9; H, 
5-2; N,9-2%). Phenylmethyicarbamyl fluoride is a colourless liquid when pure, but on exposure to moist 
air it turns green then purple. It is stable to glass and is hydrolysed only on prolonged boiling with water 
to hydrofluoric acid and NN’-diphenyl-NN’-dimethylurea. It has a peculiar odour, and exposure to the 
vapours causes temporary contraction of the pupils of the eyes. 

(3) With diethylamine : preparation of diethylcarbamyl fluoride. A similar reaction between carbonyl 
fluoride and diethylamine gave diethylcarbamyl fluoride (b. p. 154°) (Found: C, 51-1; H, 8-9; N, 11-3. 
C,H,,ONF requires C, 50-4; H, 8-4; N, 11-8%). The compound is slowly decomposed by water to 
give hydrogen fluoride and tetraethylurea. 

(4) With ethanol: preparation of ethyl fluoroformate. Carbonyl fluoride was bubbled through a 
mixture of ethanol (5 g.), toluene (30 c.c.), and pyridine (10 g.). The white pyridine compounds were 
filtered off, and the ethyl fluoroformate distilled out of the solution (b. p. 57°). The molecular weight 
was determined by Regnault’s method (Found: M, 91-6. Calc. for C,H,O,F: M, 92). By reaction 
with an aqueous solution of sodium p-hydroxybenzoate, the white crystalline compound p-carboxyphenyl 
ethyl carbonate was obtained. There was no depression of m. p. when the compound was mixed with the 
product of a similar reaction between ethyl chloroformate and sodium p-hydroxybenzoate (Found: C, 
56-8; H, 4-7. Calc. for Ci9H 0; : C, 57-1; H, 4-76%). 

(5) With phenol : preparation of phenyl fluoroformate. No reaction occurred when carbony] fluoride 
was passed into a solution of phenol in ether. A similar reaction with phenol (3 g.) in benzene (50 c.c.) 
and pyridine (10 c.c.) gave a quantitative yield of diphenyl carbonate. Carbonyl fluoride (10 c.c. of 
liquid at —95°), phenol (10 g.), and benzene (25 c.c.) were heated in a small tube autoclave for one hour 
at 100°. The solution was filtered through sodium fluoride to remove hydrogen fluoride, and the 
benzene evaporated off. The phenyl fluoroformate distilled off between 145° and 155°. On redistillation, 
7-5 g. of liquid (b. p. 153°) were obtained (Found: C, 60-2; H, 4-0. C,H,O,F requires C, 60-0; 
H, 3-6%). Phenyl fluoroformate is a colourless lachrymatory liquid. Itslowly attacks glass, presumably 
because of traces of water, by which it is hydrolysed to diphenyl carbonate and hydrogen fluoride. It 
is quite stable at the b. p., unlike phenyl chloroformate which decomposes into diphenyl carbonate and 
carbonyl chloride. 

Reactions of Carbonyl Chlorofluoride——(1) With ethanol. Ethanol (3 g.) was dropped on liquid 
carbonyl chlorofluoride (10 g.) cooled in solid carbon dioxide. The excess of gaseous reagent was 
evaporated off, and the residue fractionated. Considerable etching of the flask occurred, but two distinct 
fractions were obtained. They were — fluoroformate (3 g.), boiling in the range 52—58°, and diethyl 
carbonate (1-5 g.) (b. p. 125°). No ethyl chloroformate (b. p. 94°) was obtained. 

(2) With methylaniline. A solution of methylaniline (8 g.) in ether (75 c.c.) was added dropwise to 
a solution of carbonyl chlorofluoride (10 g.) in ether (25 c.c.) cooled in solid carbon dioxide. A white 
precipitate was formed but most of this redissolved when the excess gas was boiled off. The ether was 
evaporated, and the liquid phenylmethylcarbamy] fluoride distilled off in a vacuum (b. p. 110°/15 mm.). 
A small quantity of tarry material remained in the flask. 10 G. of phenylmethylcarbamy] fluoride were 
obtained, representing a yield of 88% on the reaction NHMePh + COCIF = NMePh-COF + HCI. 

(3) With diethylamine. An ethereal solution of diethylamine (30 g.) was similarly caused to react 
with carbonyl chlorofluoride (11 g.). The reaction was extremely vigorous even at —78°. The white 
precipitate of diethylamine hydrochloride was filtered off, and the diethylcarbamy] fluoride separated by 
distillation. The ,latter was obtained in 45% yield based on the reaction 2NHEt, + COCIF = 
NEt,-COF + NHEt,,HCI. 

The Preparation of Sulphuryl Chlorofluoride——(a) Chlorination of toluene-o-sulphonyl fluoride. 
Toluene-o-sulphony] fluoride (50 g.), prepared as described by Davies and Dick (loc. cit.), was chlorinated 
at a temperature between 145° and 160° for an aggregate time of 45 hours. The exit gases (approx. 
250 g.) were collected in glass traps cooled in solid carbon dioxide. The bulk of this was chlorine, but 
on fractionation in the low-temperature still a small quantity (1 g.) of sulphuryl chlorofluoride was 
obtained. It was freed from chlorine by repeated distillation and condensation from traps cooled to 
— 20°, and analysed for chlorine as described by Booth and Herrmann (loc. cit.) (Found: Cl, 30-1, 30-0. 
Calc. for SO,CIF: Cl, 29-99%). The molecular weight was determined by Regnault’s method and the 
b. p. measured in the separate apparatus already described (Found: M, 119-0; b. p. + 7-6°. SO,CIF 
has M, 118-5, b. p. + 7-6°). The liquid and solid products from the chlorination were not examined 
further. 

(b) Fluorination of sulphuryl chloride. (i) Sulphuryl chloride (7-4 mols.) and antimony trifluoride 
= mols.) together with antimony pentachloride (50 g.) as catalyst were heated in the rotating autoclave 
or 3 hours at 220—260°. The pressure rose to 100 atm. The gases were led off from the cold autoclave 
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and collected in glass traps cooled in solid carbon dioxide. The mixture of sulphury]l fluoride (b. p. 
— 65°), sulphur dioxide (b. p. —10°), and sulphuryl chlorofluoride (b. p. 7-6°) was separated by 
fractionation in the low-temperature still. Yields were: SO,F, 0-1 mol., SO, 3-8 mols., SO,CIF 
3-4 mols. (46%). 

(ii) A mixture of chlorine (2-9 mols.) and antimony trifluoride (2-9 mols.) was heated in the rotating 
autoclave to form SbF;Cl,. The autoclave was evacuated, and the sulphury] chloride (7-4 mols.) syphoned 
on to the fluorinating agent. The mixture was heated as before, and the products separated. Yields 
were: SO,F, 0-15 mol., SO, 1-8 mols., SO,CIF 5-3 mols. (72%). A combined sample from these two 
preparations was analysed as before (Found : Cl, 29-5, 29-8. Calc. for SO,CIF: Cl, 29-9%). 

Preparation of ye ny Fluoride.—(a) Fluorination of sulphur dioxide. Fluorine was passed over 
coarsely powdered silver fluoride (180 g.) in a copper tube heated to about 180°. The current in the 
fluorine generator was 25 amps. After 4 hours, when no further gas appeared to be absorbed, the 
argentic fluoride was cooled to room temperature in a slow stream of fluorine. Sulphur dioxide was 
passed over the argentic fluoride and a mixture of excess sulphur dioxide and sulphuryl fluoride was 
collected in glass traps cooled in solid carbon dioxide. The reaction was strongly exothermic and the 
sulphur dioxide was passed until the copper tube and contents regained room temperature. Thesulphury] 
fluoride was separated by fractionation in the low-temperature still. The fraction boiling between 
—56° and —53° was refractionated. The bulk (33 g.) boiled at —55°. The identity of the compound 
was confirmed by analysis. A pure sample was weighed in the Regnault bulb and quantitatively 
transferred to a vessel containing an excess of alcoholic potassium hydroxide. The gas was hydrolysed 
to potassium fluoride and fluorosulphonate. The solution was transferred to a platinum dish and 
evaporated to dryness on a steam-bath to hydrolyse the fluorosulphonate to fluoride and sulphate. An 
excess of concentrated hydrochloric acid was added, and the solution again evaporated to dryness to 
remove the fluoride as hydrogen fluoride. The resulting solution, free from fluoride, was analysed for 
sulphate by precipitation with barium chloride in the usual way (Found: S, 31:3; M, 101. Calc. for 
SO,F,: S, 31-4%; M, 102). 

(b) Fluorination of sulphuryl chloride. (i) Sulphuryl chloride (4 mols.), antimony pentachloride 
(50 g.), and an excess of antimony trifluoride (3-5 mols.) sufficient to replace both halogen atoms were 
heated in the rotating autoclave for 7 hours at about 260°. The pressure rose to 100 atm. The gaseous 
products were fractioned in the usual way and found to consist of sulphury] fluoride (1-0 mol. = 25%) 
and a large quantity of sulphur dioxide (2-3 mols. = 57%). No sulphuryl chlorofluoride was obtained. 

(ii) Sulphuryl chloride (7-4 mols) and antimony trifluorodichloride (3-5 mols) were heated as before 
in the rotating autoclave. The gases were fractionated in the usual way. The yields obtained were: 
sulphur dioxide (1-4 mols.), sulphury] fluoride (5 g.), and sulphury] chlorofluoride (4-8 mols. = 65%). 

(c) Fluorination of sulphuryl chlorofiuoride. (i) Sulphuryl chlorofluoride (2-1 mols.), antimony 
trifluoride (2-1 mols.), and antimony pentachloride (25 g.) were heated in the rotating autoclave for 
5 hoursat 250°. On fractionation of the products, unchanged sulphury] chlorofluoride (0-90 mol.), sulphur 
dioxide (0-94 mol.), and sulphury]l fluoride (0-16 mol. = 8%) were obtained. 

(ii) Sulphury] chlorofluoride (2 mols.) and antimony trifluorodichloride (1 mol.) were heated as above 
in the rotating autoclave. A mixture of unchanged sulphuryl chlorofluoride (0-85 mol.), sulphur dioxide 
(0-34 mol.), and sulphury]l fluoride (0-10 mol. = 5%) was obtained. 

Reactions of Sulphuryl Chlorofiuoride and Fluoride—(1) With hydrocarbons. No reaction occurred 
when sulphuryl fluoride was bubbled through boiling hexane or toluene containing 1% of benzoyl 
peroxide, or when sulphuryl fluoride and chlorofluoride were heated with hexane (containing 1% of 
benzoyl peroxide) under pressure at 130—150°. When sulphury] chlorofluoride (90 g.), benzene (65 g.), 
and aluminium chloride (1 g.) were heated under pressure at 130° most of the benzene (63 g.) was recovered 
unchanged. A small quantity of chlorobenzene (Found: Cl, 31-3. Calc. for CgH,Cl: Cl, 31-5%) was 
obtained but there was no trace of fluorobenzene. 

(2) With 1:2-dichloroethylene. No reaction occurred when sulphury] chlorofluoride was heated under 
pressure with dichloroethylene containing 1% of benzoyl peroxide. 

(3) With phenol. No fluorination took place when sulphuryl fluoride was bubbled through a boiling 
solution of phenol (10 g.) in chloroform (50 ml.) containing a little iodine (1 g.). Similarly no halogenation 
occurred when sulphury] chlorofluoride (20 ml.) was heated under pressure with a solution of phenol 
(10 g.) and benzoy! peroxide (1 g.) in chloroform (15 ml.). 

(4) With diethylamine. (a) A solution of diethylamine (40 ml.) in ether (50 ml.) was dropped into 
a solution of sulphury] fluoride (23 g.) in ether (50 ml.) cooled in dry ice. A vigorous reaction took place 
with formation of a white precipitate of diethylamine hydrofluoride. The mixture was warmed to room 
temperature, and the solid filtered off. The ether was evaporated from the filtrate, and the residue 
distilled in a vacuum (b. p. 72°/14 mm.). A colourless liquid was obtained which was stable to water 
but gave a solution containing fluoride on prolonged boiling with concentrated sodium hydroxide solution. 
The elements nitrogen and sulphur were shown to be present by fusion with sodium followed by the 
usual tests. Analysis by standard microanalytical methods showed that the liquid was diethylsulphamy] 
fluoride (Found: C, 31-2; H, 6-5; N, 8-8. Calc. for C,H,,O,NSF: C, 30-9; H, 6-45; N, 90%). The 
er was obtained in an overall yield of 35% based on the diethylamine. 

(b) A solution of diethylamine (35 g.) in ether (25 ml.) was similarly treated with sulphury] chloro- 
fluoride (25 ml.) in ether (25 ml.). The white precipitate (approx. 25 g.) obtained was diethylamine 
hydrochloride. The ether was evaporated, and the liquid residue distilled ina vacuum. The distillate 
(15 g.) boiled over the range 70—110°/18 mm. A quantity of black tar remained in the distillation 
flask. On redistillation, a few drops of liquid (b. p. 70—85°/15 mm) were obtained and were shown by 
sodium fusion to contain nitrogen, sulphur, and fluorine, but the quantity was insufficient to permit 
positive identification as diethylsulphamy] fluoride (b. p. 72°/14 mm.). The major fraction boiling in 
the range 90—100°/15 mm. was refractionated, and the portion, b. p. 97°/13 mm., shown to be free fro 
fluoride. This colourless liquid was readily hydrolysed by water to give a solution containing chloride. It 
also contained nitrogen and sulphur and analysis confirmed it as diethylsulphamyl chloride (Found : 
C, 28-0; H, 5-85; N, 7-9; Cl, 21-2. Calc. for CJH,,O,NSCI: C, 28-0; H, 5-8; N, 8-1; Cl, 20-7%). 
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443. The Reaction of Bromine Trifluoride and Iodine Pentafluoride with 
Carbon Tetrachloride, Tetrabromide, and Tetraiodide and with Tetra- 
iodoethylene. 

By A. A. Banks, H. J. Emeritus, R. N. Hasze.pinz, and V. KERRIGAN. 


Liquid bromine trifluoride reacts with carbon tetrachloride or tetrabromide forming mix- 
tures of chlorofluoromethanes or bromofluoromethanes, the proportions of which depend on 
the reaction conditions. With carbon tetraiodide, bromofluoromethanes and carbon tetra- 
fluoride result. Iodine pentafluoride converts carbon tetrabromide into a mixture of bromo- 
fluoromethanes, while with carbon tetraiodide iodotrifluoromethane (CIF;) (b. p. —22-5°) is 
formed in good yield. Tetraiodoethylene and iodine pentafluoride give todopentafluoroethane 
(C,IF,) (b. p. 13°). Preliminary experiments show these two monoiodo-compounds to differ 
greatly from methy! and ethyl iodides in their reactivity, notably in their inability to form 
Grignard compounds under the usual conditions. By reaction of the iodo-compounds with 
mercury the compounds trifluoromethylmercuric iodide, m. p. 112-5°, and pentafluoroethylmercuric 
iodide, m. p. 87-5—88-5°, have been prepared. 


Tuis investigation had as its object the comparison of the reactivities of bromine trifluoride 
and iodine pentafluoride by a study of their reactions with fully halogenated methanes, and 
the synthesis of the compounds CIF, and C,IF,, from which it was hoped to prepare organo- 
metallic derivatives. Previous work on the reactions of the halogen fluorides with halogenated 
methanes is scanty. Nutting and Petrie (U.S.P. 1,961,622, 1934) studied the reaction between 
bromine trifluoride and carbon tetrachloride, showing that chlorofluorides are formed. Their 
results have been confirmed and considerably extended. Ruff and Keim (Z. anorg. Chem., 
1931, 201, 245) obtained trichlorofluoromethane and a small quantity of dichlorodifluoro- 
methane by the interaction at 30—-35° of iodine pentafluoride and carbon tetrachloride, while 
Simons, Bond, and McArthur (J. Amer. Chem. Soc., 1940, 62, 3477) isolated hexafluoroethane 
from the reaction products formed by heating iodine pentafluoride and carbon tetraiodide in 
a copper vessel. As is shown below, this reaction when carried out in glass yields iodotrifluoro- 
methane, which probably reacts with copper, forming the fluorocarbon. 

In the reaction between bromine trifluoride and carbon tetrachloride in a system at atmo- 
spheric pressure it is found that the volatile partly-fluorinated products, trichlorofluoromethane 
and dichlorodifluoromethane, are readily formed. To obtain good yields of chlorotrifluoro- 
methane the reaction must be carried out in an autoclave. The bromofluoromethanes are less 
well known, the mono- and di-fluoro-derivatives (b. p.s 107° and 24°5°, respectively) having 
been prepared by Rathsburg (Ber., 1918, 51, 669) by refluxing carbon tetrabromide with excess 
of argentic fluoride. The trifluoro-derivative (b. p. —59° to —60°5°) was first prepared by 
Brice, Pearlson, and Simons (J. Amer. Chem. Soc., 1946, 68, 968) by the thermal bromination of 
the monohydrogen fluorocarbon. Reaction between bromine trifluoride and carbon tetra- 
bromide occurred smoothly, and because of the comparatively high boiling points of the inter- 
mediates, the tri- as well as the mono- and di-fluoro-compounds could be prepared without the 
use of an autoclave. Bromine trifluoride and carbon tetraiodide reacted very readily but in 
this case no iodofluoromethanes were isolated. The fluorinating action of iodine pentafluoride 
proved to be much milder, the production of bromofluoromethanes from carbon tetrabromide 
paralleling Ruff and Keim’s observations on the tetrachloride. Iodine pentafluoride proved | 
also to be a suitable reagent for the fluorination of iodo-derivatives, and the production of 
iodotrifluoromethane by the interaction of this substance and carbon tetraiodide presented no 
difficulty. Hexaiodoethane is not known, but tetraiodoethylene and iodine pentafluoride 
yielded iodopentafluoroethane. This reaction was much more difficult to control. 

In the fluorination of halogenated methanes it is remarkable that no products are formed in 
which there are two or more carbon atoms in the molecule. This indicates that organic free 
radicals play no significant réle in the reaction mechanism, which probably consists of a step- 
wise substitution by fluorine; e.g., 


CCl, + BrF, —>BrF, + CCI,F 
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The synthesis of the compounds CIF, and C,IF, raises many interesting possibilities in view 
of the great variety of reactions shown by the analogous hydrogen compounds CH,I and C,H,I. 
A number of the reactions of the iodofluoro-compounds are being studied and will be described 
later. Two mercury derivatives, HgCF,I and HgC,F;,I, the preparation of which is described 
below, serve to establish the fact that a stable bond between the CF, or C,F; radicals and a 
metal such as mercury can be formed, though it has not yet proved possible to prepare a 
Grignard compound by the standard procedures. 


EXPERIMENTAL. 


Reaction of Bromine Trifluoride with Carbon Tetrachloride.—Bromine trifluoride, prepared from the 
elements and purified by distillation at atmospheric pressure in a steel retort, was distilled from a weighed 
copper vessel at 110° in a stream of dry nitrogen (4 |./hr.) into 154 g. (1 mol.) of dry carbon tetrachloride 
in a water-cooled copper trap. The total quantity added was 46 g. (0-33 mol.) and a vigorous reaction 
occurred as each drop fell into the carbon tetrachloride.. The gaseous reaction products were carried 
off in the nitrogen stream and condensed in two Pyrex traps cooled to —80° and —190° respectively. 
The whole of the volatile product condensed at —80°, and was re-evaporated in a stream of nitrogen, 
passed through a scrubber containing an alkaline sodium sulphite solution to remove free halogens, 
and recondensed. The residue in the reaction vessel was similarly treated with alkaline sodium 
sulphite, giving a product which was combined with the —80° fraction and distilled from metallic calcium 
through a low-temperature column — with Fenske rings. The following fractions were obtained : 
(a) 4 g., b. p. —27-6°, M, 121 (CCI,F,, b. p. —28°, M, 121); (b) 80 g., b. p. 23-5°, M, 137 (CCI,F, b. p. 
23-7°, M, 137-4); (c) 50 g., b. p. 76°. Fraction (c) was unchanged carbon tetrachloride. 

This procedure was modified by freezing 18-5 g. (0-135 mol.) of bromine trifluoride in solid carbon 
dioxide in a copper vessel fitted with a reflux condenser at 0° and adding slowly 18-5 g. (0-225 mol.) of 
carbon tetrachloride. Reaction occurred on allowing the reactants to warm slowly to room temperature. 
The products, separated and identified as before, were: CCI,F, 4-5 g.; CCI,F,, 21 g. A similar experi- 
ment, using a reflux condenser cooled to —80°, gave from 16 g: (0-12 mol.) of bromine trifluoride and 
20-6 g. (0-15 mol.) of trichlorofluoromethane, 17-5 g. of dichlorodifluoromethane, equivalent to a 96% 
yield on the trichlorofluoromethane used. 

To prepare more fully fluorinated products a 200-c.c. stainless-steel autoclave fitted with a pressure 
gauge and needle valve was used. The bromine trifluoride was put into the autoclave in a separate 
container and the reactants were not mixed until the autoclave was sealed. The yields of four experi- 
ments recorded below show that under these conditions, which preclude the escape of the volatile partly 
fluorinated products as formed, moderate yields of monochlorotrifluoromethane result. 


Wt. of Wt. of Wt. of Wt. of Wt. of Wt. of Wt. of Wt. of 
CCl,, g. BrF;, g. CCIF;,g. CCI,F;, g. CCl,, g. BrFs, g. CCIF;, g. CCI,F;,,g. 
78 78 34-4 19-4 38-5 41 21-9 4-1 
40 35 16 - 11-5 40 33-7 21-8 5-9 


Reaction of Bromine Trifluoride with Carbon Tetrabromide.—As carbon tetrabromide is a solid it was 
fluorinated in bromine solution, 111 g. (0-33 mol.) being dissolved in 1000 g. of bromine in a 1-l. flask 
fitted with a stirrer and cooledinice. With the slow addition of 15-2 g. (0-11 mol.) of bromine trifluoride, - 
only a trace of volatile material collected in cooled traps connected with the flask. The bulk of the 
bromine was distilled off through a column, and the residue was washed with alkaline sodium sulphite 
solution, dried, and distilled. The products were tribromofluoromethane, 85 g., b. p. 106° (Found : 
Br, 88-2. Calc. for CBr,F: Br, 88-75%), and ca. 1 c.c. of dibromodifluoromethane (Found: M, 211. 
Calc. for CBr,F,: M, 211). The vapour-pressure data of a carefully purified sample of tribromo- 
fluoromethane in the range 43—103° are represented by the equation log p (mm.) = 7-60757 — 
1796-45/T — 0-003284 log T, giving a calculated b. p. of 106-2°, a latent heat of vaporisation at the b. p. 
of 5-96 kcals./mol., and a value of Trouton’s constant of 22:1. 

By varying the proportion of reactants it was possible to raise the yield of dibromodifluoromethane ; 
e.g., using 166 g. (0-5 mol.) of carbon tetrabromide in 1000 &: of bromine, reaction at 0° with 46 g. (0-33 
mol.) of bromine trifluoride gave 79 g. of CBr,F,, 14 g. of CBr,F, and 150 c.c. (gas) of CBrF,. By dis- 
pensing with the solvent the yield of the trifluoro-compound was much increased. By adding 13-7 g. 
(0-1 mol.) of bromine trifluoride dropwise to 33-2 g. (0-1 mol.) of solid carbon tetrabromide, 2-1 1. (gas) 
of the trifluoro-compound were obtained, the yield being 94% of theoretical. A sample of this material 
was carefully — by fractionation in the vacuum apparatus, and the vapour pressure was found to 
be represented in the range —117° to —55° by the equation log p (mm.) = 16-0750 — 1250-75/T — 
3-1651 log T. The calculated b. p. is —57-8°, the latent heat of vaporisation at the b. p. 5-43 kcals./mol., 
and Trouton’s constant 21-1. 

Reaction of Bromine Trifluoride with Carbon Tetraiodide.—Carbon tetraiodide was prepared by 
Walker’s method (j., 1904, 85, 1090) and dried in a high vacuum over phosphoric oxide for several 
hours. The reaction was carried out in a 250-c.c. two-necked flask with a reflux condenser, low-temper- 
ature traps, and a dropping device for adding bromine trifluoride. To 65 g. (0-125 mol.) of carbon 
tetraiodide cooled in ice were added dropwise during two hours 33 g. (0-24 mol.) of bromine trifluoride. 
A flame was seen as each drop came into contact with the tetraiodide. After the reaction the volatile 
products remaining in the flask were swept out in nitrogen, condensed, scrubbed with alkaline sodium 
sulphite solution, and stored as gas (vol., 1-81.). The residue in the flask contained iodine and its mono- 
bromide and pentafluoride, but no carbon tetraiodide. Two pure products, CBr,F, (4-5 g.) and CF, 
(3-2 g.), were separated from the gaseous mixture formed in the reaction. There was no evidence of the 
formation of iodofluoromethanes. 

Reaction of Iodine Pentafluoride with Carbon Tetrabromide.—Iodine pentafluoride was prepared from 
the elements. There was no reaction at room temperature between 52 g. (0-23 mol.) of iodine penta- 
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fluoride and 120 g. (0-36 mol.) of carbon tetrabromide when these were mixed in a quartz flask, the neck 
of which was cooled to give a reflux, and connected to cooled traps. Reaction occurred on heating 
gradually to 90° and after 3 hours at this temperature the volatile products remaining in the flask were 
swept into the traps by a stream of nitrogen. From the residue 2 g. of tribromofluoromethane (b. p. 
105°) were isolated. The gaseous products (7-01 1.) gave 6-73 1. of dibromodifluoromethane (an 83% 
yield on the CBr, used) and 0-5 c.c. (liquid) of tribromofluoromethane, together with a small amount of 
carbon tetrafluoride. 

Reaction of Iodine Pentafluoride with Carbon Tetraiodide.—To a 250-c.c. Pyrex flask containing 80 g. 
(0-153 mol.) of carbon tetraiodide were added 30 g. (0-135 mol.) of iodine pentafluoride. The flask was 
clamped in a vibrator, and connected by rubber tubing to a series of traps cooled in liquid air. Shortly 
after mixing the reactants a vigorous reaction with gas evolution started. This was completed, when it 
had moderated, by heating to 90—100° for 30 minutes. The residue in the flask consisted of iodine, iodine 
pentafluoride, and some unidentified material which was possibly a thermal decomposition product 
from carbon tetraiodide. The volatile reaction products were washed with 5% aqueous sodium hydroxide 
solution to remove silicon tetrafluoride, iodine, and acid vapours. The gaseous products were fraction- 
ated and gave 2-53 1. (gas) of iodotrifluoromethane (Found: I, 64:2; M, 196. CIF, requires I, 64-8%; 
M, 196) and 73 c.c. (gas) of trifluoromethane, which was characterised by vapour-pressure measure- 
ments. The second product may have arisen from the presence of iodoform in the carbon tetraiodide. 
The vapour-pressure curve of iodotrifluoromethane was measured, the data in the range —85° to —23° 
being represented by the equation log p (mm.) = 7-5665 — 1174-29/T. The calculated b. p. is —22-5°, 
the latent heat of vaporisation at the b. p. 5-357 kcals./mol., and Trouton’s constant 21-4. Unsuccessful 
attempts were made to isolate di-iododifluoromethane and tri-iodofluoromethane by reducing the ratio 
of iodine pentafluoride to carbon tetraiodide and by slower addition of the pentafluoride. 

Reaction of Iodine Pentafluoride with Tetraiodoethylene.—Di-iodoacetylene was prepared by Dehn’s 
method (J. Amer. Chem. Soc., 1911, 38, 1598) and converted into tetraiodoethylene by refluxing with 
iodine in toluene solution (Datta and Prasad, ibid., 1917, 39, 451). To 100 g. (0-19 mol.) of tetraiodo- 
ethylene in a 500-c.c. silica flask fitted with a reflux condenser and cooled in ice, were added dropwise, 
during 9 hours, 180 g. (0-81 mol.) of iodine pentafluoride. Too rapid addition of the pentafluoride 
resulted in an explosion, the iodoethylene decomposing into carbon and iodine. A smooth reaction 
occurred under the correct conditions and the volatile products were condensed in the usual way in 
cooled traps. Towards the end of the reaction the temperature was raised gradually to 130°. 

The volatile reaction products were fractionated in a vacuum apparatus and found to consist of 
silicon tetrafluoride and carbon dioxide (from attack on the silica vessel), tetrafluoroethylene, an 
unidentified fraction, and iodopentafluoroethane (12 g., 26%). The residue in the flask consisted of 
iodine, carbon, and unchanged iodine pentafluoride. No higher-boiling iodofluoro-compounds were 
present. The tetrafluoroethylene was identified by its molecular weight, vapour-pressure curve, and its 
reaction with chlorine to yield dichlorotetrafluoroethane (M, 170, b. p. 5°; cf. Henne, J. Amer. Chem. 
Soc., 1934, 56, 1726). Iodopentafluoroethane was identified by its molecular weight and iodine content 
(Found: I, 51-2; M, 246. C,IF, requires I, 51-6%; M, 246). The b. p. of a purified sample was 13°. 

Reaction of Iodotrifluoromethane with Mercury.—A known quantity of iodotrifluoromethane was 
condensed in vacuum into a Carius tube of 45—55 c.c. capacity containing a known weight of mercury, 
and the tube was sealed. A series of experiments was made with tubes of either Monax glass or silica, 
exposed either to daylight or to a mercury arc, or with the tube heated at a definite temperature in a 
rocking furnace. During irradiation the tube was clamped in a 50-cycle vibrator. After reaction the 
tube was cooled in liquid air, opened, and its volatile contents removed to a vacuum system for examin- 
ation. The volatile residues contained unchanged iodotrifluoromethane, recovery of which varied from 
70 to 94% in a series of fourteen experiments under varied conditions. This unchanged material was 
condensed in vacuum by passing through a trap cooled in melting pentane and was characterised by 
determination of molecular weight and vapour pressure. A second fraction of the volatile material 
passed through the pentane-bath and was condensed in liquid air. This was shown to consist of hexa- 
fluoroethane (a pure sample of which was isolated) admixed with an impurity of lower molecular weight, 
which may have been tetrafluoroethylene. 

The residue in the Carius tube was scraped out, mercury was removed by filtration, and the remaining 
material was extracted with acetone. The residue consisted of finely divided mercury and mercurous 
iodide. The acetone solution on evaporation gave a white crystalline substance admixed with a little 
mercuric iodide. It was purified by sublimation and identified by analysis as trifluoromethylmercuric 
iodide, m. p. 112-5° (Found : C, 3-42; I, 31-95; F, 14:2; Hg, 50-5. CIF,Hg requires C, 3-02; I, 32-02; 
F, 14:37; Hg, 50-6%). The yield of this compound varied from about 5 to 8%, a high proportion of 
iodotrifluoromethane being recovered unchanged. The compound is decomposed by ultra-violet light, 
and it is best to use a Monax tube at 1 ft. from the arc (a Hanovia fluorescence lamp fitted with an 
S. 250 type self-starting arc), with an irradiation time of 24—48 hours. Satisfactory yields were also 
obtained in the rocking-tube furnace, with up to 48 hours’ heating at 180—190°. 

Reaction of Mercury with Iodopentafluoroethane.—The same procedure in filling and opening the Carius 
tube was used as in the preparation of trifluoromethylmercuric iodide. A mixture of 4-18 g. of iodo- 
pentafluoroethane was heated for 12 hours at 205° with 65 g. of mercury in arocking furnace. At the end 
of the reaction, white needle-shaped crystals separated from the excess of iodofluoride. The volatile 
material removed from the tube contained 94% of the iodopentafluoroethane taken. The residue in the 
tube was extracted with ether, and crude pentafluoroethylmercuric iodide recovered from the solvent. 
This material was sublimed and formed white plates, m. p. 87-5—88-5° (Found: C, 5-7; I, 27-5; Hg, 
44-5. C,IF,Hg requires C, 5-4; I, 28-3; Hg, 44-9%). Irradiation of the reactants under the conditions 
already described for trifluoromethylmercuric iodide gave from 1-80 g. of iodopentafluoroethane and 40 g. of 
mercury, 0-04 g. of the resublimed mercurial, 67 % of the iodofluoro-compound being recovered unchanged. 
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444. The Conversion of Sucrose into Pyridazine Derivatives. Part III. 
Constitutional Studies on the Products of Chlorination of 2: 6-Di- 
methyl-3-pyridazone. 

By R. F. Homer, Hitpa Grecory, and L. F. WiGGIns. 


2 : 6-Dimethyl-3-pyridazone has been chlorinated and four different chlorine-containing 
substarices isolated. Two of these have been shown to be 5-chloro- and 4: 5-dichloro-2 : 6- 
dimethyl-3-pyridazone. 


In continuation of studies on pyridazine derivatives obtained from sucrose through levulic acid 
as the essential intermediate, we have studied the chlorination of 2 : 6-dimethyl-3-pyridazone 
(I). This was prepared from levulic acid by conversion into 6-methyl-3-pyridazone (see Part I, 
Overend and Wiggins, J., 1947, 239) followed by methylation. That the entering methyl group 
was attached to the nitrogen atom at position 2 was proved by synthesis of dimethylpyridazone 
from methylhydrazine and levulic acid (Overend and Wiggins, unpublished work). It was 
envisaged that chlorination of 2 : 6-dimethyl-3-pyridazone might permit the introduction of 
new substituent groups at the unsubstituted carbon atoms remaining in the pyridazone nucleus. 
Particularly, the amino-derivatives, 4-amino- (II) and 4: 5-diamino-2 : 6-dimethyl-3-pyridazone 
(III) were required for certain pharmacological tests and also for the preparation of 
sulphanilamido-derivatives, since preliminary chemotherapeutic trials have shown that several 
sulphanilamido-pyridazone and -pyridazine derivatives show marked promise as bacteriostatic 
agents. 
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Chlorination of 2: 6-dimethyl-3-pyridazone (I) has already been described by Meyer 
(D.R.-P. 579,391, 1933), who claimed to have prepared 4-chloro-2 : 6-dimethyl-3-pyridazone (IV) 
and an unknown dichloro-derivative of 2 : 6-dimethyl-3-pyridazone, for which he gave no 
constants. These substances were not defined clearly in the patent, nor have they been 
described subsequently, and no proof of their constitution has been presented hitherto. 

In the present work, the chlorination of (I) was found not to proceed in so clear-cut a manner 
as Meyer (loc. cit.) described. It has been found that on treating (I) in the fused state with 
chlorine in ordinary daylight at 100°, four, and not only two, products were isolated, namely : 
(a) m. p. 80°; (6) m. p. 116°; (c) m. p. 114—115°; and (d) a material of ill-defined melting point, 
b. p. 220°. The product (a) was clearly the same as Meyer’s so-called 4-chloro-2 : 6-dimethy]-3- 
pyridazone, and the mixture of (b), (c), and (d) was what he described as crude dichloro-2 : 6- 
dimethyl-3-pyridazone. The substances (c) and (d) have not hitherto been described by other 
workers. It was also found that these chlorinated products of 2 : 6-dimethyl-3-pyridazone 
were formed in highly variable yields despite all efforts to ensure constancy of experimental 
conditions. Three of the four products (a, b, and d) were separated by differences in their 
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solubility in water, and one of them (c) was volatile in steam. It was found that (d) and (a) were 
monochloro-derivatives, and (b) and (c) contained two chlorine atoms in each pyridazone 
molecule. The constitution of (a) and (b) is discussed herein; the structure of (c) and (d) will 
be dealt with in a later paper. 

Oxidation of the dichlorodimethylpyridazone (b) with potassium dichromate and sulphuric 
acid yielded a carboxylic acid still containing both chlorine atoms. This compound was found 
(see later) to be dichloromethylpyridazonecarboxylic acid. Since an N-methyl group would give 
on oxidation N-CO,H which would be easily decarboxylated to NH, it was more likely to be the 
6-methy] that had undergone oxidation toa carboxyl group. Some evidence for the supposition 
that the 6-methy] group is oxidised in preference to the N-methyl group is deduced from the fact 
that oxidation of 2 : 6-dimethyl-3-pyridazone leads to the formation of 2-methyl-3-pyridazone- 
6-carboxylic acid (VI). We have been able to allocate a precise structure to this compound (b) 
by the following synthetic approach. Mucochloric acid (VIII), which was obtained by Simonis 
(Ber., 1899, 32, 2085) from furfuraldehyde and chlorine, was condensed with methylhydrazine 
to give a dichloromethylpyridazone which from the method of preparation must be 4 : 5-dichloro- 
2-methyl-3-pyridazone (IX). The product of oxidation of (b) was then decarboxylated and 
gave, in high yield, a substance identical with (IX). Therefore the carboxylic acid produced by 
oxidation of (b) must be 4: 5-dichloro-2-methyl-3-pyridazone-6-carboxylic acid (VII). It 
follows directly that (b) itself must be 4 : 5-dichloro-2 : 6-dimethyl-3-pyridazone (V). 

The monochloro-derivative of 2 : 6-dimethyl-3-pvridazone (a) may have any of the structures 
(IV) or (X—XII). The possible formule (XI and XII) can be eliminated, however, because the 
monochloro-derivative (a) has been converted, by chlorination, into 4 : 5-dichloro-2 : 6-dimethy]l- 
3-pyridazone in good yield; thus it follows that in (a) the chlorine atom must be attached to the 
pyridazone residue at either C, or C,, and (a) is represented by either (IV) or (X). A decision 
between these two possibilities has been made by a synthetic procedure. 

The chlorine atom in the monochloro-derivative (a) of 2 : 6-dimethyl-3-pyridazone was 
replaced by a carboxyl group by treatment with cuprous cyanide—potassium cyanide under 
pressure. The intermediate copper complex first isolated was decomposed to a carboxylic acid 
which had m. p. 183—185°, and behaved on potentiometric titration as a monobasic acid of K 
1-9 x 10+ in aqueous solution. This substance must be either 2 : 6-dimethyl-3-pyridazone-4- 
(XIII) or -5-carboxylic acid (XIV). 

The intermediate copper complex first formed was a green crystalline solid which could be 
recrystallised from boiling water without decomposition. It dissolved in hot dilute hydrochloric 
acid without precipitation of cuprous chloride, so that copper is probably in the cupric state. 
The ratio of pyridazone residues to each copper atom was found by determination of copper to 
be 3°4 (gravimeteric) and 4°6 (polarographic). Despite the wide discrepancy between these two 
results it is fairly clear that four pyridazone residues are associated with one copper atom. The 
precise form in which this association takes place is not yet known, but will be studied. The 
complex was decomposed with nitric acid to give the carboxylic acid, m. p. 183—185°. 

If one of the compounds (XIII) or (XIV) could be synthesised and proved to be identical or 
otherwise with the carboxylic acid, m. p. 183—185°, obtained from the monochloro-derivative 
(a), the constitution of (2) would automatically follow. We have now synthesised 2 : 6-dimethyl- 
pyridazone-4-carboxylic acid (XIII) in the following way. Ethyl acetonylmalonate (XV) was 
condensed with hydrazine to yield ethyl 6-methyl-3-pyridazinone-4-carboxylate (XVI) (Gault 
and Salomon, Ann. Chim., 1924, 2, 133). This gave on treatment with bromine in anhydrous 
acetic acid and by simultaneous de-esterification, 6-methyl-3-pyridazone-4-carboxylic acid (XVII). 
The experimental conditions used were those found most favourable for the dehydrogenation of 
6-methy]-3-pyridazinone to the corresponding pyridazone (Overend and Wiggins, J., 1947, 239). 
Methylation of (XVII) with methyl] iodide and sodium methoxide gave a product which must be 
2 : 6-dimethyl-3-pyridazone-4-carboxylic acid. [Methylation of 6-methyl-3-pyridazone with these 
reagents has been found to yield 2 : 6-dimethylpyridazone (Overend and Wiggins, loc. cit.).) It 
had m. p. 150—153° and behaved as a monobasic carboxylic acid on potentiometric titration 
(K 17 x 10+ in 20% aqueous alcohol). It was clearly different from the carboxylic acid, m. p. 
183—185°, obtained from the monochloro-derivative (a). It follows that the carboxylic acid 
obtained from (a) is 2: 6-dimethyl-3-pyridazone-5-carboxylic acid (XIV). The original 
monochloro-derivative (a) of 2 : 6-dimethyl-3-pyridazone is therefore 5-chloro-2 : 6-dimethyl-3- 
pyridazone (X). 

Both the monochloro-derivative (a) and the dichloro-derivative (b) of 2 : 6-dimethyl-3- 
pyridazone showed absorption in the ultra-violet with a maximum at 3060 a. Also the original 
2 : 6-dimethyl-3-pyridazone showed absorption with the head of the band in practically the same 
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position, at 2940a. This shows that all three compounds have essentially the same type of 
structure. 


An attempt to chlorinate 2 : 6-dimethyl-3-pyridazone with phosphorus pentachloride in a 
similar way to that in which 2-phenyl-6-methyl]-3-pyridazone was converted into 4-chloro-2- . 
phenyl-6-methyl-3-pyridazone (Overend and Wiggins, J., 1947, 549) was not successful. It led 
to extensive demethylation at the nitrogen atom with formation of 6-methyl-3-pyridazone, and 


only a very small amount of a chlorine-containing product which has not yet been identified 
was isolated. 


EXPERIMENTAL. 


2 : 6-Dimethyl-3-pyridazone.—(a) Anhydrous 6-methyl-3-pyridazone (50 g.) was refluxed for 2 hours 
with methyl iodide (65 g.) and sodium (10-5 g.) in dry methyl alcohol (500 c.c.). A ‘‘ drycold ” cooled 
condenser fitted above the water condenser gave a marked improvement in yield. The mixture was 
evaporated to small bulk, diluted with water, and continuously extracted with ether. The extract was 
dried (MgSO,), and on evaporation gave 2 : 6-dimethyl-3-pyridazone as a solid residue (40% yield) which 
distilled at 109—112°/16 mm., and after recrystallisation from ligroin had m. p. 50—51° in agreement 
with that found by Overend and Wiggins (forthcoming communication). The compound showed 
absorption at Amex. 2940 a. with ef 48% ca. 2460 in ethyl alcohol. 

(b) Anhydrous 6-methyl-3-pyridazone (20 g.) was heated in an autoclave at 130° for 3} hours with 
methyl iodide (25 g.) and sodium (4-3 g.) dissolved in dry methyl alcohol (200 c.c.). The mixture was 
diluted with water and evaporated to small bulk, and the residue was extracted with benzene. The 
extract was dried (MgSO,) and evaporated to an oil which solidified on cooling and after recrystallisation 
from light petroleum (b. p. 40—60°) had m. p. 50—51°. Yield of 2 : 6-dimethyl-3-pyridazone 9 g. (48%). 

(c) Anhydrous 6-methyl-3-pyridazone (4-5 g.) was added slowly during 2 hours with stirring to liquid 
ammonia (200 c.c.) (cooled in “‘ drycold alcohol freezing mixture) containing sodium (0-95 g.) and 
methyl iodide (7 g.). The ammonia was allowed to evaporate and the residue was dissolved in water and 
extracted with benzene as above. 2: 6-Dimethyl-3-pyridazone (2-1 g.; 40%) was obtained. 

Chlorination of 2: 6-Dimethyl-3-pyridazong—Anhydrous 2: 6-dimethyl-3-pyridazone (10 g.) was 
heated on a boiling water-bath and dry chlorine passed in at a rate of 101./hour for 1 hour. The crude 
melt after cooling was triturated with water (50 c.c.) and the insoluble material filtered off. 

The filtrate was made strongly alkaline with 5N-sodium hydroxide. The solid 5-chloro-2 : 6-dimethyl- 
3-pyridazone (a) which separated (4-2 g.), m. p. 80°, showed absorption in the ultra-violet at Amax, 3060 A. and 
Pint ca. ws in ethyl alcohol (Found: C, 45-1; H, 43; N,17-0. C,H,ON,CI requires C, 45-4; H, 4:5; 
N, 17-7%). 

The a insoluble fraction from 7 chlorination experiments (28-5 g.) was extracted with boiling 
water (11.). The clear liquor was decanted from the insoluble oil. On cooling, crystals of 4 : 5-dichloro- 
2 : 6-dimethyl-3-pyridazone (b) (17-3 g.) were deposited, m. p. 116-5°, showing absorption band maximum 
at Amax. igh xy ef0% ca. 4000 (Found: C, 37-9; H, 3-2; N, 13-9. C,H,ON,Cl, requires C, 37-3; 
H, 3-1; N, 145%). 

The insoluble oily material gave on steam distillation crystals (1 g.) of a dichloro-derivative of 2 : 6- 
dimethyl-3-pyridazone, m. p. 114—115° (Found: C, 37:3; H, 3-2; N, 145%). 

The filtrate from the 4 : 5-dichloro-2 : 6-dimethyl-3-pyridazone was extracted with chloroform, and the 
dried extract evaporated to an oil which solidified on cooling. This was a monochloro-derivative of 
2 : 6-dimethyl-3-pyridazone (d) and was purified by distillation, b. p. 220°. It had, however, no definite 
m. p. and was probably a mixture of isomeric monochloro-compounds (Found: Cl, 22-7. Calc. for 
C,H,ON,Cl: Cl, 22-4%). 

Chlorination of 5-Chloro-2 : 6-dimethyl-3-pyridazone.—5-Chloro-2 : 6-dimethyl-3-pyridazone (2 g.) was 
fused at 100° and dry chlorine passed in at a rate of 51./hourforl hour. The melt, which solidified on 
cooling, gave, on crystallisation from water, 1-2 g. of material, m. p. 116°, alone or in admixture with 
4 : §-dichloro-2 : 6-dimethyl-3-pyridazone. ' 

2:6 - Dimethyl -3 -pyridazone-5-carboxylic Acid.—5-Chloro-2 : 6- dimethyl -3 - pyridazone (2 g.), 
potassium cyanide (2 g.), and cuprous cyanide (0-5 g.) were heated with ethyl alcohol (10 c.c.) and water 
at 200° in a sealed tube for 54 hours. The mixture was acidified with sulphuric acid and continuously 
extracted with ether. The extract was dried (MgSO,) and evaporated to a solid residue (50 mg.) which 
recrystallised from water as green needles, and had m. p. 317° (decomp.). An ash determination (as 
CuO) showed it to contain 10-0% of Cu, and a polarographic estimation gave 8-3% of Cu. The former 
indicated the presence of 3-4 units and the latter 4-6 units of the pyridazone molecule per copper atom. 
Treatment of the complex with dilute hydrochloric acid gave a clear green solution. Nocuprous chloride 
was precipitated, indicating that the copper was present in the cupric state. After being boiled with 
dilute nitric acid the copper complex deposited colourless crystals of 2 : 6-dimethyl-3-pyridazone-5- 
carboxylic acid, m. p. 183—185°, which behaved as a monobasic carboxylic acid on potentiometric 
titration (in water) having K 1-9 x 10 (Found: C, 49-6; H, 4-54; equiv., 164. C,H,O,N, requires 
C, 50-0; H, 4:77%; equiv., 168). 

6-Methyl-3-pyridazone-4-carboxylic Acid.—Ethyl 6-methyl-3-pyridazinone-4-carboxylate (Gault and 
Salomon, loc. cit.) (1-1 g.) was dissolved in dry acetic acid (20 c.c.). Bromine (0-9 g.) was added slowly 
and the mixture allowed to stand for 24 hours. Water was added, and the solution evaporated to a 
syrup. Water was repeatedly distilled over this to remove as much hydrogen bromide as possible. The 
residue deposited some crystals of 6-methyl-3-pyridazone-4-carboxylic acid which were separated and 
recrystallised from water, m. p. 182—183° (Found: C, 47-1; H, 4-1; N, 18-3; equiv., 158. C,H,O,N, 
requires C, 46-8; H, 3-9; N, 18-2%; equiv., 154). Yield 0-33 g. 

The acid (0-2 g.) was refluxed with 2% methyl-alcoholic hydrogen chloride (10 c.c.) for 6 hours. The 
solution was neutralised with lead carbonate, filtered, and evaporated to dryness. The methyl ester, 
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recrystallised from water, had m. p. 161—162° (Found: N, 16-3. C,H,O,N, requires N, 16-6%). 
Yield 40 mg. 

2: €-Dimethy!-2-pyridasons-4-carbonylic Acid.—6-Methyl-3-pyridazone-4-carboxylic acid (103 mg.) 
was dissolved in dry methyl alcohol (3 c.c.) containing sodium (14-2 mg., 2 mols.) and methyl iodide 
(85 mg.). The solution was refluxed for 2 hours and then poured into water and acidified with 
hydrochloric acid. Extraction with ether gave 2 : 6-dimethyl-3-pyridazone-4-carboxylic acid; K, 
1-7 x 10 (in 20% aqueous alcohol), m. p. 150—153° (Found: N, 16-6; equiv., 167. C,H,O,N, 
requires N, 16-6%; equiv., 168). ; 

2-Methyl-3-pyridazone-6-carboxylic Acid.—Finely powdered potassium dichromate (28-40 g., 20% 
excess) was added slowly in portions, with constant stirring, to 2 : 6-dimethyl-3-pyridazone (5-0 g. 
dissolved in concentrated sulphuric acid (50. c.c.). The temperature was at first kept at ca. 20°, but when 
about half of the dichromate had been added the water-bath was removed, and the mixture allowed to 
warm slowly until the reaction commenced as indicated by the development of a green coloration. The 
cold water-bath was then replaced, and the addition of dichromate continued. Thereafter the 
temperature was raised to 70° for l hour. After cooling, the dark green viscous liquid was extracted with 
ether, the ethereal extract was washed with water and dried (MgSO,), and the ether was evaporated. 
The white crystalline residue recrystallised from water formed feathery needles (0-2 g.), m. p. 239°. 
After some time the mixture of residues and washings deposited crystals which were collected and 
recrystallised from water, giving needles (0-5 g.), m. p. 239° alone or in admixture with the product from 
the ether extract. The 2-methyl-3-pyridazone-6-carboxylic acid had K, 6-3 x 10 (Found: C, 46-3; 
H, 4:0; N, 18-3; equiv., 157-7. C,H,O,N, requires C, 46-7; H, 3-9; N, 18-2%; equiv., 154). 

The acid (0-2 g.) was heated on a water-bath under reflux, with 2% methyl-alcoholic hydrogen 
chloride for 6 hours. After neutralisation with barium carbonate, filtration, and evaporation of the 
filtrate under reduced pressure, the residue was extracted with chloroform. Evaporation of the 
chloroform extract and recrystallisation of the residue from ligroin (b. p. 60—80°) gave long needles of 
methyl 2-methyl-3-pyridazone-6-carboxylate (0-2 g.), m. p. 103°, alone or in admixture with the compound 
obtained below by methylation of methyl 3-pyridazone-6-carboxylate (Found: C, 49-8; H, 4-76. 
C,H,O,N, requires C, 50-0; H, 4-76%). 

Methyl 3-Pyridazone-6-carboxylate.—3-Pyridazone-6-carboxylic acid (see following paper) (6-0 g.) 
was heated under reflux for 6 hours with 2% methyl-alcoholic hydrogen chloride (100 c.c.). After the 
mixture had been kept overnight fine needles separated which, on filtration and recrystallisation from 
methyl alcohol, gave methyl 3-pyridazone-6-carboxylate (6-45 g.; 98%), m. p. 188° (Found: C, 47-0; 
H, 3-8; N, 18-7. C,H,O,N, requires C, 46-7; H, 3-9; N, 18-2%). 

Methyl 2-Methyl-3-pyridazone-6-carboxylate——To methyl 3-pyridazone-6-carboxylate (4-0 g.) in dry 
methyl alcohol was added a dry methyl-alcoholic solution of sodium methoxide (1-4 g.) and methyl 
iodide (5 c.c.). The mixture was heated under reflux on a water-bath for 1 hour. The yellow solution 
was evaporated nearly to dryness under reduced pressure, water (about 20 c.c.) was added, and the 
mixture extracted with benzene. The benzene extract was dried (MgSO,) and the solvent removed. 
A white crystalline solid remained which, recrystallised from ligroin (b. p. 60—80°), formed long needles of 
methyl 2-methyl-3-pyridazone-6-carboxylate (2-75 g.; 63-5%), m. p. 103°. 

5-Chloro-2-methyl-3-pyridazone-6-carboxylic Acid.—2 : 6-Dimethy]l-5-chloro-3-pyridazone (2-5 g.) was 

_dissolved in concentrated sulphuric acid, and finely powdered potassium dichromate (11-16 g., 2-2 mols.) 

was added slowly at 0° with continuous stirring. When nearly half of the dichromate had been added the 
ice-bath was removed and the flask allowed to warm gradually. When the reaction began to progress too 
rapidly, the ice-bath was replaced and the rest of the dichromate added. The temperature was then 
raised to 60° for 1 hour, and the mixture cooled and extracted with ether. The ethereal extract was 
washed with water, dried (MgSO,), and evaporated to dryness. The residue was recrystallised several 
times from acetone-ligroin (b. p. 40—60°), and was obtained in feathery needles (0-15 g.), m. p. 188°. The 
5-chloro-2-methyl-3-pyridazone-6-carboxylic acid had K, 2:2 x 10-3 (Found: C, 38-2; H, 2-8; N, 15-1; 
Cl, 19-7; equiv., 188-8. C,H,O,N,Cl requires C, 38-2; H, 2-6; N, 14-9; Cl, 18-8%; equiv., 188-5). 

4 : 5-Dichloro-2-methyl-3-pyridazone 6-Carboxylic Acid.—To 4: 5-dichloro-2 : 6-dimethyl-3-pyridazone 
(2-5 g.) in concentrated sulphuric acid (15 c.c.) finely powdered potassium dichromate (7-7 g.) was slowly 
added, with continuous stirring. The reaction was allowed to proceed at room temperature with periodic 
cooling to prevent the reaction from becoming too vigorous. The mixture was then cooled to 0°, poured 
on crushed ice, and exhaustively extracted with ether. The extract was washed with water, dried 
(MgSO,), and evaporated to dryness. Repeated recrystallisation of the residue from water gave 
4 : 5-dichloro-2-methyl-3-pyridazone-6-carboxylic acid (0-5 g.); this had K, 2-5 x 10-8, and m. p. 203—204° 
(Found: C, 32-4; H, 2-2; N, 12-4; Cl, 32-7; equiv., 228-0. C,H,O,N,Cl, requires C, 32-2; H, 1-8; 
N, 12-6; Cl, 31-8%; equiv., 223-0). 

4 : 5-Dichloro-2-methyl-3-pyridazone.—(a) 4: 5-Dichloro-2-methyl-3-pyridazone-6-carboxylic acid 
(0-5 g.) was heated‘to above its melting point; carbon dioxide was evolved and the product distilled and 
immediately solidified. Recrystallisation from aqueous alcohol gave 4: 5-dichloro-2-methyl-3-pyridazone 
in quantitative yield, m. p. 90—91° (alone or in admixture with the product obtained in (b) below). 

(b) Methylhydrazine sulphate (0-85 g.) was dissolved in water (10 c.c.) containing sodium hydroxide 
(0-24 g., 1 mol.), and mucochloric acid (1-0 g.), prepared according to the method of Simonis (loc. cit.), in 
ethyl alcohol (10 c.c.) was then added and the solution refluxed for 2 hours. On cooling, crystals of 
4 : 5-dichloro-2-methyl-3-pyridazone separated (0-95 g.; 97%) and were collected and recrystallised from 
- grt alcohol, m. p. 91° (Found: C, 33-4; H, 2-2; N, 15-6. C,H,ON,Cl, requires C, 33-6; H, 2-2; 

, 15-7%). ; 
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445. The Conversion of Sucrose into Pyridazine Derivatives. Part IV. 
Further Sulphanilamides derived from 6-Methyl-3-pyridazone. 


By R. F. Homer, Hitpa Grecory, W. G. OvEREND, and L. F. Wiccrns. 


A method of synthesis of 3-sulphanilamidopyridazine from the 6-methyl-3-pyridazone 
obtained from levulic acid (Overend and Wiggins, /., 1947, 239) isdescribed. The bacteriostatic 
activity of this compound compared with that of 3-sulphanilamido- -6-methylpyridazine is 
discussed. 5-Sulphanilamido-2 : 6-dimethyl-3-pyridazone has been obtained; this, however, has 
no marked bacteriostatic activity in vitro. 


Parts I and II (J., 1947, 239, 549) of this series described several sulphanilamides, containing 
the pyridazine or pyridazone nucleus, which had been obtained using levulic acid as the essential 
intermediate. 3-Sulphanilamido-6-methylpyridazine (I; R = Me) (Part I) was shown to 
possess a very high bacteriostatic activity im vitro against various micro-organisms. 4-Sulphanil- 
amido-2-phenyl-6-methyl-3-pyridazone (II; R = H) (Part II) also derived from levulic acid 
through its phenylhydrazone, also possessed considerable activity in routine bacteriostatic 
tests, but this was less marked than that shown by (I; R = Me) or sulphathiazole, although, 
despite the presence of the phenyl residue, it possessed better solubility properties than the 
latter compound. 4-Sulphanilamido-2-p-nitrophenyl-6-methyl-3-pyridazone (II; R = NO,) 
was also made, but this was too sparingly soluble to be of use. 


CH=C-NH‘SO,? SNH, 


CH=CH aie v- K Sco ae 
omen t'™% 5 
RCC y NH‘SO,C NH, Mca Sp 
(I.) - (II.) 
NHC — Nso,-NH-C=CH 
Me: CK Sco (IL) 


\Natte 


The effect of (I; R = Me) in mice has now been investigated by Dr. A. T. Fuller of the 
National Institute for Medical Research. Dr. Fuller’s tests indicate that (I; R = Me) is 
better than sulphanilamide against Streptococcus hemolyticus (Richards) infection in mice. 
Furthermore, although it failed to protect mice against 100 lethal doses of staphylococcus, it 
was more efficient than sulphathiazole when used against 5. In an examination of its effect, 
compared with that of sulphathiazole, against Clostridium welchii in guinea pigs, it was found 
that there was little difference in the effectiveness of the two drugs, though with (I; R = Me) 
the occurrence of Ci. welchii at the injection site in the survivors was less than that occurring 
when sulphathiazole was used. 

Since these results seemed promising it was thought worth while to prepare other sulphanil- 
amide derivatives of pyridazine and 3-pyridazone, and 5-sulphanilamido-2 : 6-dimethyl-3- 
pyridazone (III) and 3-sulphanilamidopyridazine (I; R = H) are now described; the latter, 
first made by Anderson, Faith, Marson, Roblin, and Winneck (J. Amer. Chem. Soc., 1942, 64, 
2902), has now been made from levulic acid. 

5-Sulphanilamido-2 : 6-dimethyl-3-pyridazone has been obtained in the following way. 

5-Chloro-2 : 6-dimethy1-3-pyridazone on treatment with aqueous ammonia under pressure 
readily gave 5-amino-2 : 6-dimethyl-3-pyridazone characterised as the hydrochloride, picrate, 
and acetyl derivative. This amine with p-acetamidobenzenesulphonyl chloride afforded 
5-(p-acetamidobenzenesulphonamido)-2 : 6-dimethyl-3-pyridazone, which on hydrolysis yielded 
5-sulphanilamido-2 : 6-dimethyl-3-pyridazone (III). This formed a characteristic monohydro- 
chloride. The behaviour of (III) in bacteriostatic tests is shown below, where it is seen that 
although it does possess some activity, this is much less than that shown by sulphathiazole. 


Strep. hemolyticus. Staph. aureus. B. coli. 
Blood Broth Synth. Broth Synth. Broth 
Compound. medium. medium. medium. medium. medium. medium. 
5-Sulphanilamido-2 : 6-dimethyl-3- 
EE | Sinviaebsanccssacnosesecess 2 10 500 1000 2 50 
SEED, dqecevesnesennscensoenie 0-2 _ 1 —_ 0-05 5 


The figures represent mg. of compound/100 c.c. of solution necessary to prevent growth of organisms. 
70 
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3-Sulphanilamidopyridazine (I; R = H) was first obtained by Anderson ef al. (loc. cit.) 
through the 3-chloropyridazine obtained by Gabriel (Ber., 1909, 42, 655) from 2-ketoglutaric 
acid by condensation with hydrazine. The product, 3-pyridazinone-6-carboxylic acid was 
dehydrogenated to form 3-pyridazone-6-carboxylic acid which was then decarboxylated to 


3-pyridazone. This with phosphoryl chloride gave 3-chloropyridazine. This compound has 


now been obtained from levulic acid in the following way. 6-Methyl-3-pyridazone (IV) is 
readily made from levulic acid (Part I, loc. cit.). Now it has been found that the methyl 
group in this compound can be easily oxidised by means of potassium dichromate and sulphuric 
acid to give, in 70% yield, 3-pyridazone-6-carboxylic acid (V), identical with Gabriel’s compound 
(loc. cit.). The dichromate-sulphuric acid method of oxidation was far superior to the nitric 
acid oxidation which Paal and Dencks (Ber., 1903, 36, 491) used to oxidize 3-phenyl-6-methyl- 
pyridazine to 3-phenylpyridazine-6-carboxylic acid. Under Paal and Denck’s conditions only 
minute yields of (V) were obtained from 6-methylpyridazone. 


CH=CH CH=CH H=CH CH=CH 

a ZX 

Mere wee COCK wee CHE ww? RC oe 
(IV.) (V,) (VL) (VIL) 


(V) was readily transformed into the characteristic ethyl ester and the 6-carbamy/ derivative. 
It was readily decarboxylated at its melting point, to yield 3-pyridazone (VI) in 88% yield. 
Treatment of this with phosphoryl chloride gave 3-chloropyridazine (VII; R, = H, R, = Cl) 
in high yield. This compound was not very stable since it darkened and liquefied even on being 
kept at 0° in a vacuum. Its hydrochloride was also unstable in air. A possible alternative 
method of preparation of (VII; R, = H, R, = Cl) was by oxidation of 3-chloro-6-methy]l- 
pyridazine (VII; R, = Me, R, = Cl) followed by decarboxylation of the 3-chloropyridazine- 
6-carboxylic acid (VII; R, = CO,H, R, = Cl) produced. Attempts to decarboxylate 3-chloro- 
pyridazine-6-carboxylic acid were abandoned when the extreme instability of 3-chloropyridazine 
even at low temperatures and under anhydrous conditions was confirmed. Some aspects of 
the preparation and properties of the acid are, however, of interest. Attempts to oxidise 
3-chloro-6-methylpyridazine with nitric acid according to the method of Paal and Dencks 
(loc. cit.) failed, and led only to removal of the chlorine atom with formation of 6-methyl-3- 
pyridazone. Oxidation with potassium dichromate and sulphuric acid, however, afforded the 
6-carboxylic acid in 65% yield. The acid was identical with the product of chlorination of 
3-pyridazone-6-carboxylic acid with phosphoryl chloride, though the yield of the 3-chloro- 
compound by the latter procedure was only 38%. The chlorine atom in this compound was 
extremely labile and was completely removed by refluxing with 2% ethyl-alcoholic hydrogen 
chloride, which gave ethyl pyridazone-6-carboxylate only. 

Treatment of 3-chloropyridazine with methyl-alcoholic ammonia under pressure resulted 
in the formation of 3-aminopyridazine (VII; R = H, R, = NH,), identical with that described 
by Anderson (/oc. cit.), in good yield. This on treatment with p-acetamidobenzenesulphonyl 
chloride gave 3-(p-acetamidobenzenesulphonamido)pyridazine, which, on hydrolysis with either 
dilute alkali or acid, afforded 3-sulphanilamidopyridazine, m. p. 175°. Anderson et al. (loc. cit.) 
record m. p. 189—190° for this compound. We were unable to raise the melting point of our 
compound to this value even by repeated recrystallisation. 

The American authors first made this compound and reported that, although it possessed a 
remarkably high activity in bacteriostatic tests against Esch. coli yet against streptococcal and 
pneumococcal infection in mice it was practically inactive. This, in view of the high activity 
of 3-sulphanilamido-6-methylpyridazine in vitro and in vivo, appeared very remarkable, and one 
of the reasons for the preparation of 3-sulphanilamidopyridazine was to enable a biological 
re-examination of it to be made. Dr. A. T. Fuller has tested this compound against Strep. 
hemolyticus (Richards) in mice and he finds that it is more active than sulphanilamide itself 
when given orally, but is inactive when given intraperitoneally. Although Anderson é¢ al. 
gave no details of their method of testing 3-sulphanilamidopyridazine, the inference is that they 
did so intraperitoneally, which would account for their statement that this substance was 
inactive in vivo. 

EXPERIMENTAL. 


Treatment of 5-Chloro-2 : 6-dimethyl-3-pyridazone with Ammonia.—5-Chloro-2 : 6-dimethyl-3- 
pyridazone (Part III, preceding paper) (7-8 g.) was dissolved in aqueous ammonia (d, 0-88) (750 c.c.) and 
heated at 160° for 60 hours in an autoclave. The mixture was evaporated to dryness under reduced 
pressure, and the residue extracted with chloroform in an atmosphere of nitrogen. The extract was 
dried (MgSO,) and evaporated to a thick syrup which crystallised on trituration with acetone. The 
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crude material, recrystallised from acetone, gave 5-amino-2 : 6-dimethyl-3-pyridazone (4-0 g.; 58%), 
m. p. 163° (Found: C, 51-4; H, 6-2; N, 29-7. C,H,ON, requires C, 51-8; H, 6-4; N, 30-2%). 

A small quantity of the amine was dissolved in absolute alcohol and the solution saturated with 
hydrogen chloride. White crystals of the hydrochloride separated, and after recrystallisation from 
absolute alcohol containing a little hydrogen chloride had m. p. ca. 245° (decomp.) (Found: C, 41-6; 
H, 5-8. C,H,ON,,HCl requires C, 41-2; H, 5-7%). The amine (0-5 g.) was dissolved in a little water, 
and picric acid (1 mol.) dissolved in alcohol added. The precipitated picrate was collected and recrystal- 
lised from water to form yellow needles (0-06 g.), m. p. 130° (Found: N, 23-2. C,,H,,O,N, requires 
N, 22-8%). 

The _ (0-6 g.) was refluxed with fused sodium acetate (3 g.) and acetic anhydride (20 c.c.) for 
} hour. The mixture was poured into water, neutralised with sodium carbonate, and extracted with 
chloroform. The dried (MgSO,) extract was evaporated to dryness; the crude acetyl derivative 
recrystallised from water in colourless needles (0-4 g.), m. p. 227° (60%) (Found: C, 53-3; H, 6-1; N, 
23-9. C,H,,0O,N, requires C, 53-0; H, 6-0; N, 23-2%). 

5-(p-A cetamidobenzenesulphonamido)-2 : 6-dimethyl-3-pyridazone.—The amine (5-0 g.) and p-acet- 
amidobenzenesulphonyl chloride (8-5 g.) were separately dissolved in dry pyridine, the solutions 
mixed, and the mixture kept at 40° for 1 hour. It was then poured into water, sodium hydroxide 
(1-45 g., 1 mol) added, and the solution distilled with much water to remove pyridine. A yellowish 
solid separated, and was filtered off and recrystallised from alcohol—acetic acid. 5-(p-Acetamidobenzene- 
sulphonamido)-2 : 6-dimethyl-3-pyridazone (2-2 g.) separated as pink microcrystals, m. p. 263° (Found : 
C, 49-8; H, 4-8. C,,H,,0,N,S requires C, 50-0; H, 4-8%). 

5-Sulphanilamido-2 : 6-dimethyl-3-pyridazone.—The acetyl derivative (1-5 g.) was refluxed with 
10% aqueous sodium hydroxide (20 c.c.) for # hour. On being neutralised with hydrochloric acid the 
solution deposited a yellow solid which was collected and recrystallised from aqueous alcohol, forming 
yellow needles of 5-sulphanilamido-2 : 6-dimethyl-3-pyridazone monohydrate (1-2 g.), m. p. 113—123° 
(Found : C, 46-4; H, 5-2. C,,H,,0,N,S,H,O requires C, 46-2; H, 5-15%). The anhydrous compound 
had m. p. 207° (Found: N, 19-4. C,,H,,0,N,S requires N, 19-1%). 

The sulphanilamido-compound (0-05 g.) was shaken with acetic anhydride (3 c.c.) and 5Nn-acetic 
acid (3 c.c.). After a few minutes, crystals of the acetyl derivative (0-05 g.) separated, m. p. 262° alone 
or in admixture with an authentic specimen. 

The sulphanilamide monohydrate (50 mg.) was dissolved in dry methyl alcohol and the solution was 
saturated with hydrogen chloride. On addition of ether, a yellowish powder was precipitated, which, 
when recrystallised from methyl alcohol containing a little hydrogen chloride, formed pale yellow 
needles of the hydrochloride monohydrate (40 mg.), m. p. 180° (decomp.) (Found: C, 41-1; H, 4-8; N, 16-2. 
C,.H,,0;N,S,HC1,H,O requires C, 41-4; H, 4-9; N, 16-1%). 

Oxidation of 6-Methyl-3-pyridazone.—(a) By dilute nitric acid. 6-Methyl-3-pyridazone (3-0 g.) was 
heated with nitric acid (10%; 15 .c.) for 5 hours at 160°. On cooling, crystals separated which were 
recrystallised from water, giving 3-pyridazone-6-carboxylic acid monohydrate (0-05 g.), m. p. 257°. 
Gabriel (loc. cit.) gives the same m. p. (Found: C, 38-2; H, 3-5; N, 17-8. Calc. for C;H,O,N,,H,O: C, 
38-0; H, 3-8; N, 17-7%). The mother liquors were evaporated to dryness; the residue, recrystallised 
from water, gave 6-methyl-3-pyridazone (0-015 g.), m. p. 122—123° alone or in admixture with starting 
material. 

(b) By concentrated nitric acid. 6-Methyl-3-pyridazone (1-0 g.) was heated with concentrated nitric 
acid (20 c.c.) in an evaporating basin on a water-bath. Complete evaporation of the acid and recrystal- 
lisation of the residue from water gave 100% recovery of the unchanged starting material. 

(c) By potassium dichromate and concentrated sulphuric acid. To a mechanically stirred solution 
of 6-methyl-3-pyridazone (5-0 g.) in concentrated sulphuric acid (50 c.c.) potassium dichromate (13-4 g. ; 
1 mol.) was added in small quantities as a finely ground powder. When the reaction started, as indicated 
by the development of a green coloration, the flask was cooled in cold water before the addition 
of potassium dichromate was continued. After the addition was completed, stirring was continued 
for a further 2 hours, then the viscous green mixture was poured on crushed ice. The colourlesscrystalline 
powder which separated was collected, washed with alcohol and ether, then recrystallised from hot 
water giving needles of 3-pyridazone-6-carboxylic avid monohydrate (4:35 g.; 68-4%), m. p. 257°. 
The results of further experiments carried out under slightly varied conditions are tabulated below. 


6-Methyl-3- Yield. 
pyridazone, g. K,Cr,O,, g. H,SO,j, c.c. Temp. G. %. 
5 13-4 (1 mol.) 50 40° 4-31 68-0 
5 13-4 rea 50 50 4-28 68-0 
5 13-4 =O, 30 30—50 4-2 67°5 
5 16-08 (1-2 mol.) 50 30—50 4-62 72-5 
50 160-8 a 500 30—50 46°15 72-4 


Ethyl 3-pyridazone-6-carboxylate. 3-Pyridazone-6-carboxylic acid (2-0 g) was heated under reflux 
with 2% ethyl-alcoholic hydrogen chloride for 6 hours on a water-bath. The mixture was thereafter 
neutralised with lead carbonate and filtered, and the filtrate evaporated to dryness under reduced pressure. 
Recrystallisation of the residue from hot water gave glistening white flakes of ethyl 3-pyridazone-6- 
carboxylate monohydrate (2-0 g.; 84%), m. p. 102° (Found: C, 45-5; H, 5-2; N, 15-4. C,H,O,N,,H,O 
requires C, 45-2; H, 5-4; N, 15-1%). The anhydrous estey had m. p. 122° (Found: C, 50-2; H, 4-7; 
N, 16-0. C,H,O,N, requires C, 50-0; H, 4-8; N, 16-6%). 
6-Carbamyl-3-pyridazone. A solution of ethyl 3-pyridazone-6-carboxylate (0-3 g.) in ethyl alcohol 
was saturated with ammonia at 0° and the solution kept at 0° overnight. Crystals separated which 
were collected, and after being recrystallised from water gave 6-carbamyl-3-pyridazone, m. p. 304° 
(decomp.) (Found: C, 43-3; H, 3-9; N, 30-5. C,;H,O,N, requires C, 43-2; H, 3-6; N, 30-2%). 
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Oxidation of 3-Chloro-6-methylpyridazine.—(a) 3-Chloro-6-methylpyridazine (5 g.) (Part I, loc. cit.) 
and 5% nitric acid (150 c.c.) were heated at 160° for 5 hours in a sealed tube. After cooling, the solution 
was evaporated to dryness; the syrup remaining solidified on addition of water. The solid after recrystal- 
lisation from water had m. p. 124—125° alone or in admixture with 6-methyl-3-pyridazone monohydrate. 
Yield 3-6 g. 

(b) Toa mechanically stirred solution of 3-chloro-6-methylpyridazine (1-8 g.) in concentrated sulphuric 
acid (10c.c.), finely powdered potassium dichromate (5-0 g., 20% excess) was added slowly, the temperature 
being kept below 50°. When the addition was complete, stirring was continued for a further 2 hours at 
50°. The oxidation was still not complete, as indicated by the yellowish-green coloration. Thereafter 
the mixture was heated for a further 2 hours on a boiling water-bath. The viscous, dark green liquid 
was cooled and added to crushed ice, and the solution extracted with ether. The ethereal extract was 
dried (MgSO,) and evaporated to dryness, and the residue recrystallised from water, giving 3-chloro- 
pyvidazine-6-carboxylic acid (1-45 g.; 65-3%), m. p. 146° (Found: C, 37-5; H, 2-2; N,17-1. C,;H,;0,N,Cl 
requires C, 37-8; H, 1-9; N, 17-6%). 

Chlorination of 3- ” Pyridazone- -6-carboxylic Acid.—3-Pyridazone-6-carboxylic acid (3-0 g.) was heated 
under reflux with phosphoryl] chloride (50 c.c.) for 0-5 hour. Most of the excess of phosphoryl] chloride 
was removed under reduced pressure, crushed ice added, and the mixture extracted with ether. The 
etheral extract was dried (MgSO,) and evaporated toa colourless crystalline solid which was recrystallised 
from water, giving 3-chloropyridazine-6-carboxylic acid (1-25 g.; 38-0%), m. p. 146° alone or in admixture 
with the product obtained by oxidation of 3-chloro-6- -methylpyridazine. 

3-Chloropyridazine-6-carboxylic acid (0-85 g.) was heated under reflux with 2% ethyl-alcoholic 
hydrogen chloride (40 c.c.) for 6 hours. The resulting solution was neutralised with barium carbonate 
and filtered, and the filtrate evaporated to dryness. The residue recrystallised from water in rosettes 
of needles (0-53 g.; 59%), m. p. 121—122° alone or in admixture with ethyl pyridazone-6-carboxylate 
(Found: N, 16-3. Calc. for C,H,O,N,: N, 16-6%). 

3-Pyridazone.—Anhydrous 3-pyridazone-6-carboxylic acid (10-0 g.) was heated gently in a distilling 
flask until, after fusion of the crystalline mass, the evolution of carbon dioxide subsided. On being 
heated more strongly, the crude product distilled and solidified in long needles. After repetition of the 
distillation, followed by recrystallisation of the product from acetone—ethyl alcohol-ligroin, long needles 
of 3-pyridazone (6-0 g.; 88-0%), m. p. 103° (cf. Gabriel, loc. cit.), separated. 

3-Chloropyridazine.—Phosphory] chloride (10 c.c.) was added slowly to 3-pyridazone (3-0 g.). When 
the vigorous reaction which immediately ensued had slowed down, the mixture was heated on a water-bath 
for 2 hours at 67°. The excess of phosphoryl chloride was removed under reduced pressure, and the 
dark brown residue poured on crushed ice. The resulting solution was neutralised with sodium carbonate 
and extracted with ether, and the ethereal extract dried (MgSO,). Evaporation of the ether at 0° 
under reduced pressure gave a white crystalline residue, which on careful recrystallisation from ether— 
ligroin (b. p. 40—60°) gave shiny flakes of 3-chloropyridazine (2-56 g.; 70-8%), m. p. 29° (cf. Gabriel, 
loc. cit.). These quickly decomposed even when kept in a vacuum desiccator at 0°. The hydrochloride 
was obtained by dissolving the base (0-1 g.) in anhydrous ethyl alcohol and saturating the solution with 
dry hydrogen chloride at 0°. Crystals, m. p. 122°, separated, but these decomposed too quickly for 
analytical results to be obtained. : 

3-A minopyridazine.—3-Chloropyridazine (15 g.) was heated with methyl alcohol (750 c.c.) saturated 
with ammonia at 0° in an autoclave at 175° for 2 days. The dark brown solution thereby 
obtained was filtered and evaporated to dryness under reduced pressure in an atmosphere of nitrogen. 
The residue was extracted several times with hot ethyl acetate, and the crystals which separated on 
cooling were collected. Evaporation of the ethyl acetate yielded more of this material which was crude 
3-aminopyridazine. The residue, insoluble in ethyl acetate, was heated with barium hydroxide (20 g.) 
in water (300 c.c.) for 1 hour in an atmosphere of nitrogen, and the mixture thereafter evaporated to 
dryness and extracted with ethyl acetate. A further crop of crystals was obtained from this extract. 
Recrystallisation of the total crude product gave 3-aminopyridazine (8-1 g.; 65%), m. p. 169—170° 
(Found: C, 50-8; H, 5-5; N, 43-6. Calc. for CgH;N,: C, 50-5; H, 5-3; N, 44:2%). 

3-(p-A cetamidobenzenesulphonamido) pyridazine.—A solution of p-acetamidobenzenesulphony]l chloride 
(14:0 g., 2% excess) in dry pyridine (80 c.c.) was added to 3-aminopyridazine (5-0 g.) also dissolved 
in dry pyridine (ca. 200c.c.). The resulting dark red solution was kept for 24 hours at room temperature, 
then poured into water containing sodium hydroxide (1 mol.). The mixture was distilled with water 
until all the pyridine had been removed; a dark brown oil then separated and slowly solidified. 
Recrystallisation from water gave 3-(p-acetamidobenzenesulphonamido)pyridazine (9-35 g.; 60-7%), 
m. p. 106—107° (Found: C, 49-1; H, 4:0. C,,H,,0,N,S requires C, 49-3; H, 4:1%). 

Hydrolysis. (a) 3-(p-Acetamidobenzenesulphonamido)pyridazine (1-35 g.) was heated with 10% 
sodium hydroxide solution (15 c.c.) on a boiling water-bath for 4 hour, and the resulting solution was 
neutralised (litmus) with dilute hydrochloric acid. The free base which separated on standing was 
collected and recrystallised from water to give 3-sulphanilamidopyridazine as yellow crystals (0-6 g.; 
52%), m. p. 175°; solubility at room temp., 0-192 mg./100 c.c. of solution. The m. p. was not raised 
even by 3 further recrystallisations. Anderson eé¢ al. (loc. cit.) give m. p. 189—190° (Found: C, 47-9; 
H, 4-2; N, 22-7. Calc. for C,,H,,O,.N,S: C, 48:0; H, 4-0; N, 22-4%). 

(b) 3-(p-Acetamidobenzenesulphonamido)pyridazine (0-5 g.) was heated with 2Nn-hydrochloric 
acid (10 c.c.) on a boiling water-bath for 1 hour. Dilute sodium hydroxide was then added until the 
solution became turbid and an oil separated which gradually solidified. The solid was collected and 
recrystallised from water, giving 3-sulphanilamidopyridazine (0-26 g.; 60-7%), m. p. 175° alone or in 
admixture with the product obtained above by alkaline hydrolysis. 

The sulphanilamido-compound (0-1 g.) could be reacetylated, by heating it with acetic anhydride 
(5 c.c.) and sodium acetate (0-2 g.) for 30 minutes, to 3-(p-acetamidobenzenesulphonamido)pyridazine, 
m. p. 106—107° alone or in admixture with the compound obtained by direct condensation of p-acetamido- 
benzenesulphonyl chloride with 3-aminopyridazine. 
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446. The Conversion of Sucrose into Pyridazine Derivatives. Part V. 
Experiments on the Synthesis of 3-Amino-6-methylpyridazine and of 
its Sulphanilamido-derivative. 


By Hitpa Grecory, W. G. OvVEREND, and L. F. WiacIns. 


The preparation of 3-mercapto-6-methylpyridazine from both 6-methyl-3-pyridazone and 
3-chloro-6-methylpyridazine is described. 6-Methyl-3-pyridazone is found to undergo the 
Bucherer reaction. 


Two sulphanilamidopyridazines have been prepared from levulic acid and were described in 
Parts I and IV of this series. These substances were 3-sulphanilamido-6-methylpyridazine 
(I; R = Me) and 3-sulphanilamidopyridazine (I; R= H). The former compound has been 
found to have pronounced bacteriostatic power and to possess favourable solubility properties. 


CH=CH ” | CH=CH 
NH-sOoO7 SS CL Nc. 
ye NH so< _\NH, Me-C yoo Ly 
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Its synthesis was achieved through the following steps : 


(a) () 
Levulic acid —> 6-methyl-3-pyridazinone —> 6-methyl-3-pyridazone 


{ 


(e) () 
3-sulphanilamido-6-methylpyridazine <— 3-amino-6-methylpyridazine <— 3-chloro-6-methylpyridazine 


Each of the steps (a), (b), and (c) was readily carried out in > 95% yield. The conversion o! 
3-chloro-6-methylpyridazine into the corresponding amine was difficult, as would be expected 
from the aromatic character of the pyridazine ring. The yields usually obtained were of the 
order of 60%. The final stage in the synthesis was accomplished by the condensation of 3-amino- 
6-methylpyridazine with p-acetamidobenzenesulphonyl chloride followed by hydrolysis of the 
product. These reactions [step (e)], proceeded satisfactorily. Some effort has been made now 
to improve step (d), and, although these efforts have not been successful, some interesting aspects 
of the chemistry of pyridazone have emerged. 

One way in which to improve step (d) would be to convert 3-chloro-6-methylpyridazine 
directly into 3-(p-acetamidobenzenesulphonamido)-6-methylpyridazine. Thus, attempts have 
been made to condense 3-chloro-6-methylpyridazine with p-acetamidobenzenesulphonamide. 
This entirely failed when the reagents were heated in pyridine solution at 150°, but some 
condensation was effected when the two substances were fused together in the presence of 
potassium carbonate, although the yield of condensation product was only 10%. It might be 
envisaged that if 3-mercapto-6-methylpyridazine (II) could be obtained, the mercapto-group 
might be more easily replaced than the chlorine atom. Crystalline 3-mercapto-6-methy]l- 
pyridazine was obtained by heating 3-chloro-6-methylpyridazine with sodium hydrogen sulphide 
in alcohol at 150°. Alternatively, 6-methyl-3-pyridazone, on treatment with phosphorus 
pentasulphide, was converted into (II) though in poor (20%) yield. It was also obtained, 
although in an even smaller yield, when 6-methyl-3-pyridazone was passed over heated 
aluminium sulphidein a vacuum. The replacement of the mercapto-group by an amino-residue 
was effected by treatment with methyl-alcoholic ammonia, but 3-amino-6-methylpyridazine was 
obtained in only very small yield. The replacement did take place, however, at a lower 
temperature than that obtaining in the case of the 3-chloro-6-methylpyridazine. It was found 
also that this introduction of an amino-group was as difficult to effect when an ethylthio-group 
replaced the mercapto-group. 3-Ethylthio-6-methylpyridazine was obtained on ethylation of the 
corresponding 3-mercapto-compound with ethyl iodide and sodium hydroxide. Treatment of 
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this with methyl-alcoholic ammonia gave 3-amino-6-methylpyridazine (18% yield) together with 
unchanged starting material (80% by weight). 

Since 6-methyl-3-pyridazone (III) must exist in equilibrium with its lactim form (IV) there is 
the possibility that it might undergo the Bucherer reaction, by means of which certain phenolic 


CH=CH H=CH 
III. , ; 
(III.) § Me CC? Mec’ wo OH (IV) 


compounds, particularly naphthols, can be converted into amines. On heating 6-methyl-3- 
pyridazone with sodium sulphite and ammonia at 240° under pressure, there was isolated, 
besides unchanged 6-methyl-3-pyridazone, a little 3-amino-6-methylpyridazine. . This shows 
that this pyridazone derivative (IV) does undergo the Bucherer reaction, although the low yield 
prohibited the attachment of any preparative value to this fact. 


EXPERIMENTAL. 


3-Mercapto-6-methylpyridazine.—(a) 3-Chloro-6-methylpyridazine (2 g.) was heated in a sealed tube at 
150° for 3 hours with ethyl alcohol (20 c.c.) saturated with sodium hydrogen sulphide. Crystalline 
material separated on cooling. This was filtered off and washed with water. Yellow needles remained 
which, recrystallised from ethyl alcohol—water, formed long yellow needles (1-0 g.; 52-6%) of 3-mercapto- 
6-methylpyridazine, m. p. 203-5—205° (decomp.). They exhibited a greenish fluorescence in ultra-violet 
light (Found: C, 47-8; H, 5-1. C,H,N,S requires C, 47-6; H, 4-8%). 

(b) 6-Methyl-3-pyridazone (2-5 g.) and phosphorus pentasulphide (6-2 g.) were boiled under reflux in 
xylene for 3 hours. The hot xylene solution was filtered, and the crystalline solid which separated 
collected. This, recrystallised from ethyl alcohol—water, formed long yellow needles (0-55 g.; 19-6%), 
m. p. 203-5—204-5° (decomp.) alone or in admixture with 3-mercapto-6-methylpyridazine. 

(c) 6-Methyl-3-pyridazone (5-0 g.) was distilled in high vacuum (0-005 mm.) and the vapour was 
passed over heated aluminium sulphide. A yellow distillate was collected (1-01 g.). This was 
extracted with hot water. The aqueous extract deposited slightly yellow needles (0-5 g.) which had 
m. p. 123—125° alone or in admixture with 6-methyl-3-pyridazone monohydrate. The residue, 
recrystallised from ethyl alcohol—water, formed yellow needles (0-2 g.), m. p. 203—-205° (decomp.) alone 
or in admixture with 3-mercapto-6-methylpyridazine. 

Treatment of 3-Mercapto-6-methylpyridazine with Ammonia.—(a) The material (0-647 g.) was heated 
with aqueous ammonia in a sealed tube at 100° fora day. The solution was then evaporated to dryness 
and the residue extracted with water. The water-insoluble material was unchanged starting material 
(0-33 g.). The aqueous extract was evaporated to dryness, and then extracted with chloroform. This 
extract was evaporated, and the residue washed with water to remove last traces of 3-mercapto-6-methyl- 
pyridazine. The aqueous extract was evaporated to dryness; the residual solid, recrystallised from 
water, had m. p. 224° alone or in admixture with 3-amino-6-methylpyridazine. Yield 0-08 g. 

3-Ethylthio-6-methylpyridazine.—To 3-mercapto-6-methylpyridazine (1-26 g.) in ethyl alcohol (30 c.c.) 
was added sodium hydroxide (0-4 g.) in alcohol (5 c.c.), and ethyl iodide (1:56 g.; 1 equiv.) in ethyl 
alcohol (10 c.c.). The solution was then heated under reflux for 2 hours, and the solvent evaporated 
under reduced pressure. The residue was extracted with ether; evaporation of the ethereal extract 
gave a yellow oil which rapidly crystallised. Careful recrystallisation from ether gave colourless needles 
of 3-ethylthio-6-methylpyridazine, m. p. 41° (Found: C, 54-4; H, 6-4. C,HyN.S requires C, 54-6; 
H, 6-2%). 

Treatment of 3-Ethylthio-6-methylpyridazine with Ammonia.—The compound (1-0 g.) was heated with 
methyl-alcoholic ammonia (saturated at 0°) in a sealed tube at 160° for 3 days. Evaporation of the 
solvent gave a semi-crystalline residue. To this, water was added; the oil which separated was extracted 
with ether, and the residual aqueous portion evaporated to dryness under reduced pressure. 
Recrystallisation of the residue gave 3-amino-6-methylpyridazine (0-12 g.; 18%), m. p. 222—224° alone 
or in admixture with an authentic specimen. Evaporation of the ethereal extract gave a yellow oil 
(0-8 g.) which crystallised and was found to be unchanged starting material. 

6-Methyl-3-pyridazone in the Bucherer Reaction—Sodium sulphite (10-66 g.) was dissolved in water 
(50 c.c.), 6-methyl-3-pyridazone monohydrate (7-3 g.) added, and the solution made up to 700 c.c. with 
aqueous ammonia (d 0-88). This solution was heated at 240° for 3 days in an autoclave, filtered, and 
evaporated to dryness. The residue was extracted with acetone, giving an extract (A) and a residue (B). 
The extract (A) was evaporated to dryness; the residue recrystallised from water (charcoal) in colourless 
plates (1-0 g.) of 6-methyl-3-pyridazone monohydrate, m. p. 123—124°. The residue (B) was heated 
with sodium hydroxide for an hour and then acidified with hydrochloric acid and evaporated to dryness. 
The solid residue was dried thoroughly and was then extracted first with chloroform [extract (C)] and 
then ethyl alcohol [extract (D)]. On removal of the solvent from extract (C) a residue was obtained 
which, recrystallised from water (charcoal), formed colourless neetiles (0-204 g.), m. p. 123—125° alone or 
in admixture with 6-methyl-3-pyridazone monohydrate. The extract (D) was evaporated to dryness, 
the residue dissolved in the minimum of water, and a concentrated solution of sodium hydroxide added. 
Crystals separated which, recrystallised from water, formed colourless rhombs (0-2 g.), m. p. 224° alone or 
in admixture with 3-amino-6-methylpyridazine. 

Attempted Condensation of 3-Chloro-6-methylpyridazine with p-Acetamidobenzenesulphonamide.— 
(a) 3-Chloro-6-methylpyridazine (0-75 g.) and p-acetamidobenzenesulphonamide (1-0 g.) were dissolved 
in dry pyridine (200 c.c.), and the solution heated at 150° in an autoclave for 4 hours. Thereafter the 
product was concentrated to 20 c.c. and poured into water containing sodium hydroxide (0-23 g.), and 
unchanged p-acetamidobenzenesulphonamide, m. p. 218°, separated. No condensation product could be 
isolated. 














[1948] Anhydrides of Polyhydric Alcohols. Part XI. 2201 


(b) 3-Chloro-6-methylpyridazine (0-133 g.), p-acetamidobenzenesulphonamide (0-128 g.), and dry 
potassium carbonate (0-13 g.) were fused together. After being cooled, the mixture was treated with water 
and the undissolved portion collected. After recrystallisation from acetic acid—water, this product 
(0-026 g.; 10%) had m. p. 246—247° alone or in admixture with 3-(p-acetamidobenzenesulphonamido)- 
6-methylpyridazine. 


The authors gratefully acknowledge the support of the Colonial Products Research Council during 
this investigation. 
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447. Anhydrides of Polyhydric Alcohols. Part XI. The Action of 
Phosphorus Tribromide on 1 : 4-3 : 6-Dianhydro-mannitol and -sorbitol. 
Some New Chloro-derivatives of 1 : 4-3 : 6-Dianhydrosorbitol. 


By W. G. OVEREND, R. MontGomeEry, and L. F. WiaGIns. 


In contrast to the corresponding mannitol derivative, the replacement of the hydroxyl 
groups in 1: 4-3: 6-dianhydrosorbitol by halogens is difficult. 2:5-Dichloro 1: 4-3: 6- 
dianhydrosorbitol and a monochloro-derivative, most probably 5-chloro 1: 4-3 : 6-dianhydro- 
sorbitol, are described. Treatment of dianhydro-mannitol or -sorbitol with phosphorus 
tribromide under mild conditions leads not to the introduction of bromine atoms at C, and C, 
but to ring cleavage, and derivatives of 1 : 6-dibromo-mannitol and -sorbitol are obtained. 


2: 5-DicHLoRo 1: 4-3 : 6-dianhydromannitol is very readily prepared by treating 1: 4-3: 6- 
dianhydromannitol with thionyl chloride and pyridine (Wiggins, /., 1945, 4). An attempt to 
prepare 2 : 5-dichloro 1 : 4-3 : 6-dianhydrosorbitol (I), in the same way failed. A sample has, 
however, been obtained in poor yield by treating 1: 4-3 : 6-dianhydrosorbitol with thionyl 
chloride in benzene followed by phosphorus pentachloride. When dianhydrosorbitol was treated 
with thionyl chloride in xylene followed by thionyl chloride in pyridine, a liquid product was 
obtained from which there separated a crystalline substance with the composition of a 
monochloro derivative of dianhydrosorbitol. This must be either 2-chloro 1 : 4-3 : 6-dianhydro- 
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sorbitol (II) or 5-chloro dianhydrosorbitol (III). Since 1: 4-3: 6-dianhydromannitol is 
however, easily chlorinated in positions 2 and 5, and since the only difference between 1 : 4-3 : 6- 
dianhydro-mannitol and -sorbitol is in the configuration of C,, it is reasonable to suppose that it 
is the hydroxyl at this position which is more difficult to replace by chlorine and so remains 
unsubstituted in the monochloro-derivative of ‘1 : 4-3 : 6-dianhydrosorbitol. It is therefore 
tentatively suggested that this substance is 5-chloro 1 : 4-3 : 6-dianhydrosorbitol. Further work 
is proceeding in order to prove this. 

In view of the stability of 2 : 5-dichloro 1 : 4-3 : 6-dianhydromannitol (see Wiggins, loc. cit.) 
and of the fact that it has been found difficult to make the corresponding sorbitol derivative, an 
attempt was made to introduce bromine atoms at C, and C, of both dianhydrides through their 
interaction with phosphorus tribromide. This also failed, but an interesting and unexpected 
effect of this reagent on these compounds was observed. When 1 : 4-3: 6-dianhydromannitol 
was treated with phosphorus tribromide in carbon tetrachloride first at — 10° and then at 50°, 
no 2: 5-dibromo-derivative could be isolated; instead, ring scission occurred and the main 
product was a crystalline dibromo hexitol, which gave rise to a tetra-acetyl derivative. Proof of 
the structure of this dibromo hexitol was obtained by its conversion into a dimethylene 
derivative, which on treatment with sodium iodide and acetone readily exchanged its two 
bromine atoms for iodine, thus giving a compound identical with the 1 : 6-di-iodo 2 : 4-3 : 5-di- 
methylene mannitol of Micheel (Annalen, 1932, 496, 77). Therefore the dibromo dimethylene 
hexitol from which this was obtained must be 1 : 6-dibromo 2 : 4-3 : 5-dimethylene mannitol (V), 
and the original dibromo hexitol, 1 : 6-dibromo mannitol (IV), the acetyl derivative of which 
must be 1 : 6-dibromo 2: 3: 4: 5-tetra-acetyl mannitol. 
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Ring scission of 1: 4-3: 6-dianhydromannitol must have taken place with addition of 
bromine atoms at C, and C,. Such ring scission, however, did not occur on treatment of the 
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dianhydride with hydrobromic acid, either at room temperature or at 50°, so that it is probable 
that the phosphorus tribromide itself, and not the hydrogen bromide formed by its hydrolysis, 
is responsible for the ring scission. 

Similar treatment of 1 : 4-3 : 6-dianhydrosorbitol with phosphorus tribromide gave a dibromo 
hexitol isolated as its dibenzylidene derivative, which by analogy with the corresponding 
mannitol derivative must be 1 : 6-dibromo 2 : 4-3 : 5-dibenzylidene sorbitol. This on treatment 
with sodium iodide in acetone at 100° gave a little over 50% yield of sodium bromide, indicating 
that both bromine atoms were attached to primary carbon atoms. The product isolated from 
this reaction, however, was a monobromo monoiodo dibenzylidene sorbitol. This preferential 
reaction at one end of the sorbitol molecule has been observed many times by us, and an account 
of it has been published by Ness, Hann, and Hudson (J. Amer. Chem. Soc., 1944, 66, 1901) who 
found, for example, that treatment of 1 : 6-ditosyl dimethylene sorbitol with sodium iodide gave 
mainly 6-iodo 1-tosyl dimethylene sorbitol. By analogy, therefore, the product obtained now is 
probably 1-bromo 6-iodo 2: 4-3: 5-dibenzylidene sorbitol (it is practically certain that the 
benzylidene groups are in this position since in all other similar compounds previously examined 
this has been found to be so). The same 1 : 6-dibromo dibenzylidene sorbitol was isolated after 
1 : 4-3 : 6-dianhydrosorbitol had been treated at 100—110° with 50% hydrobromic acid, though 
some monobromo monobenzylidene monoanhydrosorbitol (A) was also isolated. It has been 
shown already that, under similar conditions when hydrochloric acid was the hydrolytic agent, 
the 3 : 6-anhydro-ring in 1 : 4-3 : 6-dianhydrosorbitol was more easily broken than the 1 : 4 ring. 
In this way 6-chloro 3 : 5-benzylidene 1 : 4-anhydrosorbitol was obtained and its structure proved 
by Montgomery and Wiggins in Part IX of this series (this vol., p. 237). Therefore the 
hydrobromic acid reaction product (A) is most probably 6-bromo 3 : 5-benzylidene 1 : 4-anhydro- 
sorbitol (VI). 


EXPERIMENTAL. 


2: 5-Dichloro 1 : 4-3 : 6-Dianhydrosorbitol—An attempt to prepare this, following precisely the 
method successful in the case of the mannitol analogue (Wiggins, Joc. cit.), failed. The following 
procedure did give a small amount of the compound. 1 : 4-3 : 6-Dianhydrosorbitol (1 g.) was suspended 
in benzene containing thionyl chloride, and the mixture boiled for 6 hours. Thereafter the solvent was 
evaporated and the syrupy residue heated with phosphorus pentachloride for 1 hour at 140°. The 
product was dissolved in chloroform and washed with dilute sodium carbonate solution and then with 
water, and the chloroform solution dried (MgSO,) and evaporated to a thin syrup. This was then 
distilled, but there was extensive decomposition, and only a small amount (0-15 g.) of 2: 5-dichloro 
1 : 4-3 : 6-dianhydrosorbitol, b. p. 105°/15 mm. (74°/0-01 mm.), was obtained ; [a]}%* +55-8° in chloroform 
(c, 4-015), n}f* 1-5269 (Found : Cl, 38-3. C,H,O,Cl, requires Cl, 38-8%). 

Monochloro 1 : 4-3 : 6-Dianhydrosorbitol—Finely powdered 1 : 4-3 : 6-dianhydrosorbitol (5 g.) was 
heated in dry xylene (50 c.c.) with thionyl chloride (10 c.c.) until solution was complete. The solution 
was then evaporated to a syrup which was dissolved in dry pyridine (10 c.c.), thionyl chloride (10 c.c.) 
added, and the mixture heated at 120—140° for 4 hours. The dark liquid was poured into ice—water, and 
the solution left overnight and then extracted with chloroform. The extract was washed with dilute 
sulphuric acid, sodium hydrogen carbonate solution, and water, and was then dried (MgSQO,) and 
evaporated to a syrup which distilled at 200—220° (bath temp.)/12 mm. The distillate (1-7 g.) partly 
crystallised, and was recrystallised from ether, to form long needles, m. p. 63—64°, [a]}®° +48-0° in 
chloroform (c, 1-625). It is suggested that this compound is 5-chloro 1 : 4-3 : 6-dianhydrosorbitol (Found : 
C, 43:6; H, 5-5; Cl, 20-0. C,H,O,Cl requires C, 43-8; H, 5-5; Cl, 21-6%). 

Action of Phosphorus Tribromide on 1 : 4-3 : 6-Dianhydromannitol.—The dianhydride (14-7 g.) was 
finely powdered and stirred into carbon tetrachloride (200 c.c.). The suspension was cooled to —10°, 
and phosphorus tribromide (51-5 g., 2 mols.) added with stirring during 10 hours. The mixture was then 
heated at 50° for 3 hours. A brown syrup appeared on the surface of the carbon tetrachloride which was 
removed by distillation. To the residue, ice was added, and after the resulting solution had been kept 
overnight a solid separated. This was collected and recrystallised from water to form white plates of 
1 : 6-dibromo mannitol, m. p. 177—178° (decomp.), [a]}§° —2-6° in water (c, 0-765) (Found: C, 22-7; 
H, 3-8; Br, 51-8. C,H,,0,Br, requires C, 23-3; H, 3-9; Br, 51-9%). 

1:6-Dibromo 2:3: 4: 5-Tetra-acetyl Mannitol.—1 :6-Dibromo mannitol (0-3 g.), fused sodium 
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acetate (0-2 g.), and acetic anhydride (5 c.c.) were refluxed for 15 minutes. The solution was poured into 
water, and the solid, which rapidly separated, filtered off. Recrystallised from alcohol—water, the 
tetra-acetyl derivative had m. p. 125—126° (Found: C, 35-0; H, 40. C,,H,.O,Br, requires C, 35-3; 
H, 4:2%). 

: Cb ibromo 2:4-3: 5-Dimethylene Mannitol—The compound (1 g.) was finely powdered and 
suspended in 40% formaldehyde solution (10 c.c.), and the mixture saturated with hydrogen chloride at 
0°. The crystalline material dissolved, and an oily product separated which partly crystallised on long 
refrigeration. The crystals were separated and freed from occluded syrup by pressing them on a porous 
tile. After being recrystallised from methyl alcohol-chloroform, these had m. p. 178—179°, [a]}§° +72-4° 
in chloroform (c, 5-52), and were 1 : 6-dibromo 2 : 4-3 : 5-dimethylene mannitol (Found: C, 28-8; H, 3-8. 
C,H,,0,Br, requires C, 28-4; H, 3-9%). 

Conversion of 1 : 6-Dibromo 2 : 4-3 : 5-Dimethylene Mannitol into 1 : 6-Di-iodo 2 : 4-3 : 5-Dimethylene 
Mannitol.—1 : 6-Dibromo dimethylene mannitol (0-24 g.) was heated at 105° for 5 hours in a sealed tube 
with acetone (10 c.c.) and sodium iodide (0-33 g.; 3 mols.), using anhydrous reagents. Sodium bromide 
separated. The liquid was then evaporated to dryness and the residue extracted with chloroform—water 
mixture. The chloroform layer was separated and washed with dilute sodium thiosulphate and with 
water, and then dried (MgSO,). On evaporation of the solvent a crystalline residue was obtained which, 
recrystallised from alcohol, had m. p. 195—196° alone or in admixture with authentic 1 : 6-di-iodo 
2: 4-3: 5-dimethylene mannitol; [a]p +50-0° in chloroform (c, 0-499). Micheel (loc. cit.) gives m. p. 
195°, [a]p +50-2°. 

pt. 4 of Hydrobromic Acid. on 1: 4-3 : 6-Dianhydromannitol.—(a) At room temperature. The 
dianhydride (3-3 g.) was treated with 10% hydrobromic acid (25 c.c.) for 24 hours at room temperature. 
Thereafter the acid was neutralised with silver carbonate, the solution filtered, and the filtrate evaporated 
to dryness. The residue was extracted with ethyl acetate and the extract evaporated to a syrup which 
crystallised on nucleation with 1 : 4-3 : 6-dianhydromannitol. It was recrystallised from ethyl acetate ; 
yield 3-1 g., m. p. 86—87° alone or in admixture with an authentic specimen. 

(b) A¢ 50°. From the dianhydride (3-4 g.), treated with 10% hydrobromic acid (25 c.c.) at 50° for 
3 hours then overnight at room temperature and worked up as above, 3-0 g. of the dianhydride were 
recovered unchanged. 

' Action of Phosphorus Tribromide on 1 : 4-3 : 6-Dianhydrosorbitol.—Finely powdered dianhydrosorbitol 
(10 g.) was suspended in dry carbon tetrachloride (150 c.c.), and phosphorus tribromide (13 c.c., 2 mols.) 
added with stirring during } hour. The stirring was continued for a further 2 hours at 50—70°. The 
resulting mixture was cooled, and the carbon tetrachloride decanted from the syrupy product, which was 
extracted with ethyl acetate. This extract gave a syrup (6 g.) which contained phosphorus tribromide 
and other products which rapidly decomposed, so that no information could be obtained concerning them. 
The material insoluble in ethyl acetate (1-8 g.) was shaken with benzaldehyde (10 c.c.) and zinc chloride 
(2 g.) for 24 hours. The product was evaporated with an aqueous solution of sodium carbonate (2 g.) 
until all the benzaldehyde had been removed. The solution was then evaporated to dryness, and the 
residue extracted with chloroform. This gave, on evaporation, a syrup (1-7 g.) which crystallised. 
Recrystallised from alcohol it gave 1 : 6-dibromo dibenzylidene sorbitol, m. p. 226—227° alone or in 
admixture with the material obtained below, and showed [a]}®° +15-1° in chloroform (c, 1-325). 

Action of Hydrobromic Acid on 1 : 4-3 : 6-Dianhydrosorbitol—The dianhydride (30 g.) was heated in 
sealed tubes with 50% hydrobromic acid (150 c.c.) for 30 hours at 100—110°. The dark brown liquid 
was filtered with charcoal and evaporated under reduced pressure until as much as possible of 
the hydrobromic acid had been removed. The residual syrup was shaken with benzaldehyde (150 c.c.) 
containing anhydrous zinc chloride (30 g.) for 48 hours. The resulting solution was distilled under 
reduced pressure with an aqueous solution of sodium carbonate (60 g.) until no more benzaldehyde 
distilled. Thereafter it was evaporated to a syrup which deposited a few crystals of 1 : 6-dibromo 
dibenzylidene sorbitol; these, separated and recrystallised from alcohol-water, had m. p. 226—227°, 
[a] +15-3° in chloroform (c, 1-32) (Found: C, 50-2; H, 4-5; Br, 32-1. C,. 9H, O,Br, requires C, 50-0; 
H, 4-2; Br, 33-1%). The alcoholic mother liquors were evaporated to a syrup, which was extracted with 
water. This extract deposited crystals (0-1 g.) of a monobromo monobenzylidene monoanhydrosorbitol, 
probably 6-bromo 3 : 5-benzylidene 1 : 4-anhydrosorbiiol which, after being recrystallised from alcohol, 
had m. p. 136—138°, [a]?##° +16-5° in chloroform (c, 1-09) (Found : C, 49-5; H, 5-0. C,,H,,0,Br requires. 
C, 49-5; H, 48%). From the aqueous mother liquors, unchanged dianhydrosorbitol (8-1 g.) was 
recovered. 

1-Bromo 6-Iodo 2: 4-3: 5-Dibenzylidene Sorbitol.—1 : 6-Dibromo 2: 4-3 : 5-dibenzylidene sorbitol 
(0-09 g.) was dried and heated at 100—110° for 6 hours in a sealed tube with dry sodium iodide (0-1 g.) in 
dry acetone (10 c.c.). Crystals of sodium bromide separated [0-02 g., 52% (assuming 2 mols.)]. The 
acetone solution was evaporated to dryness, and the residue extracted with chloroform. The extract 
was washed with sodium thiosulphate solution and with water, dried (MgSO,), filtered, and evaporated. 
The residual 1-bromo 6-iodo 2: 4-3 : 5-dibenzylidene sorbitol, recrystallised from alcohol—acetone, had 
m. p. 232—233° [a]?%° +25-4° in chloroform (c, 1-71) (Found: C, 44-9; H, 3-9. C. H,,O,BrI requires 
45-2; H, 3-8%). 
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448. Anhydrides of Polyhydric Alcohols. Part XII. The Reaction 
between Mannitol and Hydrochloric Acid. 


By R. MontTGomeEry and L. F. WIGGINs. 


The reaction between mannitol and hydrochloric acid has been studied in detail. Either 
1 : 6-dichloro mannitol or 1 : 4-3 : 6-dianhydromannitol can be obtained as the main product 
according to the experimental conditions. In addition, numerous other anhydrides of mannitol 
or their derivatives have been isolated. The presence of 1 : 5-anhydromannitol (styracitol), 
1 : 4-anhydromannitol (mannitan), and 1 : 5-3 : 6-dianhydromannitol (meomannide) has been 
detected. A new hexitol dianhydride of unknown constitution has been isolated as such 
and as its bismethanesulphonate, and yet another dianhydride as its bismethanesulphonate 
only. A derivative of monochloro monoanhydromannitol, probably 6-chloro 1 : 4-anhydro- 
mannitol, and a dichloro-derivative of monoanhydromannitol, probably either 2 : 6- or 1: 2- 
dichloro 1 : 4-anhydromannitol, were encountered. 


WHEN mannitol is treated with boiling concentrated hydrochloric acid for a long period, 
1 : 4-3 : 6-dianhydromannitol is formed in yields about 35% (Wiggins, /., 1945, 4; Montgomery 
and Wiggins, J., 1947, 433). On the other hand, mannitol heated with fuming hydrochloric 
acid under pressure affords 1 : 6-dichloro mannitol in yields of about 40% (Haworth, Heath, 
and Wiggins, J., 1944, 155). It is of interest to discover what other products are formed in each 
of these reactions and to discover the relationship between them. Some effort toward this end 
has now been made, and although the position has been found to be very complicated, and a 
complete picture of the reactions going on has not yet been acquired, the results so far obtained 
are of sufficient interest to warrant publication. 

A solution of mannitol in concentrated hydrochloric acid was boiled for 72 hours, and the 
syrup so obtained separated by distillation into four fractions, the first two of which crystallised 
and after recrystallisation yielded 1 : 4-3 : 6-dianhydromannitol in 27% yield. The last two 
fractions were combined with the residues from the crystallisation and fractionally distilled 
into seven parts. The methanesulphonyl derivatives of each of these fractions were prepared. 
The first three fractions gave 2: 5-bismethanesulphonyl 1 : 4-3 : 6-dianhydromannitol, m. p. 104°, 
identical with authentic material. These fractions also contained 2-chloro 5-methanesulphonyl 
1 : 4-3 : 6-dianhydromannitol (5-chloro 2-methanesulphonyl 1 : 4-3 : 6-dianhydromannitol) (see 
below), thus showing the presence of 2(5)-chloro 1 : 4-3 : 6-dianhydromannitol (I). In the 
higher-boiling fractions, three new dianhydrohexitols were isolated. One (A) was isolated as 
such (m. p. 118—119°, [a]p — 33°6°) and as its bismethanesulphonate, m. p. 139—140°. The 
other two, (B) and C), were isolated as their bismethanesulphonates only (m. p. 190—191° and 
113—114° respectively). A convenient way of isolating dianhydrohexitol (A) was by benzyl- 
idenation of the accompanying materials in the fraction in which it occurred, and it was then 
possible to isolate it by distillation since it formed no benzylidene derivative. Treatment of 
the highest-boiling fraction with benzaldehyde gave a crystalline chloro benzylidene anhydrohexitol, 
m. p. 172°. Mannitan (1: 4-anhydromannitol), although not isolated here, was produced by 
brief treatment of mannitol with hydrochloric acid (Wiggins, Joc. cit.). 

Thus it is seen that this reaction produces a monoanhydromannitol, a derivative of a 
monoanhydrohexitol which may also be a mannitol derivative; and no fewer than four different 
dianhydrides. Since the conditions under which these substances have been formed preclude 
the existence of the less stable three- or four-membered rings (no examples of the latter have 
ever been described in the hexitol series), only hydrofuranol or hydropyranol ring systems need 
be considered. This being the case, there are only three such dianhydrides of mannitol which 
are sterically possible, namely 1 : 4-3 : 6-, 1 : 5-3 : 6-, and 1: 5-2: 6-. Since we have obtained 
four dianhydrides, Walden inversion must have occurred in the formation of one or more of 
them, so that they cannot all be of the mannitol configuration. Of the three possible 
dianhydrides of mannitol, two have been described previously, namely ‘‘ isomannide ”’ 
(1: 4-3 : 6-dianhydromannitol) and ‘“‘ neomannide”’ (1 : 5-3 : 6-dianhydromannitol) (IIa, IIb), 
the latter having been synthesized and its structure proved by Hockett and Sheffield (J. Amer. 
Chem. Soc., 1946, 68, 937). A third dianhydromannitol called ‘‘ 8-mannide ” was obtained by 
Siwoloboff (Annalen, 1886, 233, 372) and had m. p. 119°, [«]p + 94°, but the constitution of 
this has not yet been determined; by a process of elimination, however, it should be 1 : 5-2 : 6-di- 
anhydromannitol, though no other workers have yet obtained this substance. The properties 
of these anhydrides of mannitol are summarised in the Table. 

The dianhydrohexitol (A) showed m. p. 118°. This is very close to that described by 
‘Siwoloboff for B-mannide, though the specific rotation was [a]p — 33°6°, a value quite different 
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Properties of mannitol anhydrides. 


Anhydride. M. p. [a]p. Reference. 
“‘isoMannide’”’ (1: 4-3 : 6-dianhydro- 86—87° +91-0° Wiggins (J., 1945, 4). 
mannitol) 


** Neomannide ”’ (1 : 5-3 : 6-dianhydro- 112-8—113-3 + 6-4 Hockett and Sheffield (loc. cit.). 
mannitol) 


‘* B-Mannide ”’ 119 +94-05 Siwoloboff (loc. cit.). 

** Mannitan ”’ (1 : 4-anhydromannitol) 145—147 —23-75 Valentin (Coll. Czech. Chem. Comm., 
1936, 8, 35). 

** Styracitol ’’ (1 : 5-anhydromannitol) 145—155 —50-9 Hockett and Conley (J. Amer. Chem. 


Soc., 1944, 66, 464). 


from that of 8-mannide, so that the two cannot be identical. Dianhydrohexitols (B) and (C) 
were isolated here only as the bismethanesulphonates. The bismethanesulphonate of 1 : 5-3 : 6- 
dianhydromannitol (neomannide) has now been prepared and found to be identical in respect to 
m. p., specific rotation, and mixed m. p. with the bismethansulphonate of dianhydride (B). No 
clue as to the identity of the dianhydride (C) has been obtained. 

Of the monoanhydro-derivatives isolated from the reaction in question, mannitan is readily 
detected and recognised when the time of heating is approximately 12 hours. The other 
monoanhydride isolated was a monochloro monobenzylidene derivative. This compound is 
probably 6-chloro 3: 5-benzylidene 1: 4-anhydromannitol (III) which could very well be 
produced by the partial ring-opening of the main product of the reaction, namely 1 : 4-3 : 6-di- 
anhydromannitol, followed by its benzylidenation. This, however, is a tentative suggestion. 
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When mannitol is treated with fuming hydrochloric acid under pressure, the main product 
is 1 : 6-dichloro mannitol, isolated in about 40% yield (Haworth, Heath, and Wiggins, J., 1944, 
155). Nowit has been found that 1 : 4-3 : 6-dianhydromannitol is formed as well in this reaction, 
because it has been isolated as such from the by-products as its bismethanesulphonate and as 
2-chloro 1 : 4-3 : 6-dianhydromannitol. The latter was identified as its 5-methanesulphonate 
and by the fact that it was transformed by phosphorus pentachloride into 2 : 5-dichloro 
1 : 4-3 : 6-dianhydromannitol identical with an authentic specimen. These products were 
isolated by fractional distillation of the residue from the crystallisation of the 1 : 6-dichloro 
mannitol, and were encountered in the lower-boiling fraction. From a higher-boiling fraction 
after benzylidenation, a chloro benzylidene anhydrohexitol, m. p. 172—173°, was isolated. 
This was identical with the compound encountered among the products of the action of boiling 
hydrochloric acid on mannitol. In addition, a new dibenzylidene hexitol, m. p. 192°, was 
obtained, identical with the dibenzylidene derivative of styracitol, here described for the first 
time. The styracitol (IV) was prepared from tetra-acetyl oxyglucal by the method of Hockett 
and Conley (loc. cit.). This on benzylidenation gave dibenzylidene styracitol identical with 
the dibenzylidene hexitol, m. p. 192°. Its structure will most probably be represented by 
(V) because dibenzylidene mannopyranose has been shown to have this orientation of its 
benzylidene residues. Another monoanhydrohexitol derivative was isolated from the high- 
boiling fraction, namely a dichloro anhydrohexitol. Since it has been definitely shown that 
2-chloro 1: 4-3: 6-dianhydromannitol was present, the dichloro anhydrohexitol may well 
have arisen through the partial ring scission of this derivative of the dianhydride. If the 











2206 Montgomery and Wiggins : 


1 : 4-ring opened, then 1 : 2-dichloro 3 : 6-anhydromannitol (VI) would result, whereas if the 
3: 6-ring suffered scission, then 2: 6-dichloro 1 : 4-anhydromannitol (VII) would be formed, 
and future work must decide this issue. Owing to the symmetry of the mannitol molecule, (VI) 
and (VII) are identical with 5 : 6-dichloro 1: 4-anhydromannitol and 1 : 5-dichloro 3 : 6-anhydro- 
mannitol respectively. 

From these results the way in which these products occur may be suggested. Boiling 
hydrochloric acid effects the dehydration of mannitol as do other acid catalysts. This may 
involve, however, the preliminary attachment of the anion, in this case a chloro-group, to the 
primary carbon atoms. The main dehydration product, nevertheless, is the dihydrofuranol 
ring system—1 : 4-3 : 6-dianhydromannitol—which is formed in stages : first the 1 : 4-ring, then 
the dianhydride. This is so because 1 : 4-anhydromannitol (mannitan) is isolated when the 
reaction is allowed to proceed for a short time only. This dehydration is accompanied by the 
formation of smaller amounts of other types of ring products, namely the 1 : 5-ring in styracitol 
and the 1: 5-3: 6-rings in neomannide. The treatment with hydrochloric acid also effects 
partial replacement of the secondary hydroxyl groups shown by the isolation of 2-chloro 
1 : 4-3 : 6-dianhydromannitol under both sets of conditions, although much more is found 
amongst the products of the more drastic reaction. Since much more 1: 6-dichloro mannitol 
than 1: 4-3: 6-dianhydromannitol is isolated under these more drastic conditions, we may 
envisage the main reaction as being an equilibrium between the following reactants : 


1 : 4-3 : 6-Dianhydromannitol + HCl == 1: 6-dichloro mannitol + H,O. 


Thus the reaction of mannitol with excess of hydrochloric acid under pressure will favour 
the production of 1 : 6-dichloro mannitol, whilst the reaction under reflux, in which much less 
hydrochloric acid is present, favours the formation of the 1: 4-3: 6-dianhydride. The total 
yield of 1 : 6-dichloro mannitol obtained after numerous re-treatments of the residues from the 
reaction of mannitol with fuming hydrochloric acid under pressure is limited to about 40% 
(Haworth, Heath, and Wiggins, Joc. cit.). This is doubtless due to substitution of the secondary 
hydroxyl groups in ] : 4-3 : 6-dianhydromannitol or in 1 : 6-dichloro mannitol, and also to the 
formation of ring systems which are still more difficult to open than the hydrofuranol type. 


EXPERIMENTAL. 


Action of Concentrated Hydrochloric Acid on Mannitol.—(a) Mannitol (900 g.) was boiled under reflux 
with concentrated hydrochloric acid (5 1.) for 34 days, and the resulting dark liquid evaporated to a 
syrup. This was dissolved in water, and the solvent again evaporated to remove most of the hydrochloric 
acid. The residual liquid was distilled into the following fractions: I, 219-8 g., b. p. 135—145°/11 mm. ; 
II, 27-0 g., b. p. 150—157°/11 mm.; III, 95-0 g., b. p. 160—190°/10 mm.; IV, 62-0 g., b. p. 
160—190°/0-01 mm. 

Fraction I crystallised, and on recrystallisation from ethyl acetate yielded 1 : 4-3 : 6-dianhydro- 
mannitol (155-8 g.), m. p. 85—-87°. Fraction II similarly gave 8 g. of dianhyf#romannitol. The mother 
liquors were evaporated and the residue refractionated, and a further 28-3 g. of dianhydromannitol 
separated. The mother liquors were again evaporated and the residues combined with fractions III 
and IV, and the whole carefully refractionated together. The final fractions collected were: (1), 7-3 g., 
b. p. 185—145°/13 mm., nj® 1-5011; (2), 21-9 g., b. p. 145—150°/12 mm., n}§° 1-5041; (3), 15-0 g., 
b. p. 150—168°/11 mm., nj§° 1-5042; (4), 20-3 g., b. p. 165—173°/12 mm., n}§° 1-5071; (5), 22-8 g., b. p. 
177—185°/10 mm., n}§° 1-5092; (6), 43-7 g., b. p. 190—196/10 mm., n}8°.1-5130; (7), 13-3 g., b. p. 
196—210°/10 mm., residue, 40-0 g. 

Fractions (1—5) did not crystallise and were each dissolved (1 g.) in dry pyridine (15 c.c.) and treated 
with methanesulphonyl chloride (2 c.c.) at 0°. After being kept for 3 days at room temperature the 
mixture was poured into ice—water and the product extracted with chloroform. The combined extracts 
were washed successively with 5n-sulphuric acid, sodium hydrogen carbonate solution, and water, and 
dried (MgSO,). The solvent was evaporated, and the residue fractionally recrystallised from alcohol— 
acetone. The following compounds were obtained from each fraction. 

Fraction 1. (a) 2: 5-Bismethanesulphonyl 1 : 4-3 : 6-dianhydromannitol, m. p. 101—102°; (b) 
2-chloro 5-methanesulphony! 1 : 4-3 : 6-dianhydromannitol, m. p. 114—115°, [a]? + 64-4° in chloroform 
(c, 1-645). 

Fraction 2. (a) 2: 5-Bismethanesulphonyl 1 : 4-3 : 6-dianhydromannitol, m. p. 101—102°; (bd) 
2-chloro 5-methanesulphonyl 1 : 4-3 : 6-dianhydromannitol, m. p. 114—115°. 

Fraction 3. 2: 5-Bismethanesulphonyl 1 : 4-3 : 6-dianhydromannitol, m. p. 101—102°. 

Fraction 4, (a) 2:5-Bismethanesulphonyl 1: 4-3 : 6-dianhydromannitol, m. p. 101—102; (b) 
bismethanesulphonyl dianhydrohexitol (A), m. p. 140—141°, [a]?}° —28-9° in chloroform (c, 1-38) (Found : 
C, 32:2; H, 4:3. C,H,,0,S, requires C, 31-8; H, 46%). 

Fraction 5. (a) 2: 5-Bismethanesulphony]l 1 : 4-3 : 6-dianhydromannitol, m. p. 101°; (b) bismethane- 
sulphonyl dianhydrohexitol (A), m. p. 139—140°; (2 bismethanesulphonyl dianhydrohexitol (B), m. p. ° 
190—191°, [a]p + 14° in acetone (c, 0-85) (Found: C, 32-0; H, 4-9; S, 21-9. gli,40,5, requires C, 
31:8; H, 4-6; S, 21-2%). An attempt to prepare a benzylidene derivative from this fraction resulted 
in recovery of the starting material in good yield. 

Fraction 6. This partly crystallised. The crystals were drained from syrup. The dianhydro- 
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hexitol (A), after recrystallisation from ethyl acetate, had m. p. 118—119°, [a]p — 33-6° in water (c, 1-25) 
(Found : C, 49-7; H, 7-2. C,H,,O, requires C, 49-5; H,6-9%). Treatment of fraction 6 with methane- 
sulphonyl chloride gave (a) bismethanesulphonyl dianhydrohexitol (A), m. p. 139—140°, (b) bismethane- 
sulphonyl dianhydrohexitol (B), m. p. 190—191°, (c) a bismethanesulphonate of the dianhydrohexitol (C), 
m. p. 113—114°, [a]}%° — 22-6° in chloroform (c, 1-855) (Found: C, 31-9; H, 4:1; S, 20-8%). 

Benzylidenation of fraction 6. The syrup (3 g.) was shaken with benzaldehyde (50 c.c.) and zinc 
chloride (4 g.) for 24 hours. The solution was then treated with excess of aqueous sodium carbonate 
and the excess of benzaldehyde removed by steam distillation. The residue, obtained by evaporation 
of the solution to dryness, was extracted 4 times with 100-c.c. portions of chloroform. The combined 
extracts were dried (MgSO,) and evaporated to dryness. The residue (2-1 g.) distilled at 220—230° 
(bath temp.)/12 mm. as a colourless oil (0-5 g.) which crystallised completely, and on recrystallisation 
from ethyl acetate had m. p. 118—119° and was identical with the dianhydrohexitol (A). 
Benzylidenation has therefore purified this from other material which has undergone condensation 
with benzaldehyde. 

Fraction7. This waspartly crystalline. Thecrystals were the dianhydrohexitol (A), m. p. 118—119°. 
Treatment of this fraction 7 with methanesulphonyl chloride gave (a) bismethanesulphony! dianhydro- 
hexitol (A), m. p. 139—140°, (b) bismethanesulphonyl dianhydrohexitol (B), m. p. 191—192°. 

Benzylidenation of fraction 7. The syrup (3-35 g.) was shaken with benzaldehyde (50 c.c.) and zinc 
chloride (4 g.) and the product isolated as described previously. It partly crystallised, and after recrystal- 
lisation from alcohol a compound with the composition of a chloro benzylidene anhydrohexitol was 
isolated, m. p. 172—173°. 

Action of Fuming Hydrochloric Acid on Mannitol.—Mannitol (75 g.) was heated in sealed tubes at 
100° for 36 hours with fuming hydrochloric acid (600 c.c.) as described by Haworth, Heath, and Wiggins 
(loc. cit.). The resulting brown liquid was evaporated under reduced pressure to a semi-solid mass 
which was dissolved in water, filtered with charcoal, and again evaporated. The product was taken up 
in a little water and allowed to cool; crystals of 1 : 6-dichloro mannitol, m. p. 174°, then separated 
(18 g.). The mother liquors were evaporated and the residue distilled under reduced pressure. The 
following fractions were collected: A, 20 g., b. p. 150—180° (bath temp.)/25 mm.; B, 9-7 g., b. p. 
200—220° (bath temp.)/0-1 mm. A small fraction between A and B was not examined further. 

Fraction A. This partly crystallised, and the crystals were separated on a tile. They were 
1 : 4-3 : 6-dianhydromannitol (1 g.), m. p. 86—87° alone or in admixture with an authentic specimen. 
The tile was extracted with boiling water and the extract evaporated to a syrup which was distilled and 
collected in two portions: (a) b. p. 115—120° (bath temp.)/0-04 mm., n}§° 1-5030 (Found: C, 44-8; 
H, 5-8; Cl, 16-8%); (b) b. p. 120—125° (bath temp.) /0-02 mm., n}§* 1-5035 (Found: C, 44-7; H, 5-8; 
Cl, 16-2. Calc. for CgH,O,Cl: C, 43-8; H, 5-4; Cl, 21-5%). 

Both (a) and (6) were essentially monochloro dianhydromannitol. Fraction (a) was heated with 
phosphorus pentachloride at 130° for 1 hour, and the resulting mixture diluted with chloroform and 
washed successively with dilute sodium hydrogen carbonate solution and water. The extract, after 
being dried (MgSO,), was evaporated and the product distilled at 90° (bath temp.)/0-07 mm. The 
distillate crystallised and was recrystallised from ether—petrol; m. p. 62—64° alone or in admixture 
with 2: 5-dichloro 1 : 4-3 ; 6-dianhydromannitol. 

Fraction (a) was also treated with methanesulphonyl chloride, and the product found to contain 
2 : 5-bismethanesulphonyl 1 : 4-3 : 6-dianhydromannitol, m. p. 102—103°, and 2-chloro 5-methane- 
sulphonyl 1 : 4-3 : 6-dianhydromamnitol, m. p. 115—117°, [a]? + 66-4°in chloroform (c, 1-645) (Found : 
Cl, 15-2. C,H,,0,CIS requires Cl, 14-8%). . 

Fraction B. This partly crystallised. The crystals of a dichloro anhydrohexitol were separated and 
recrystallised from ethyl acetate, and had m. p. 216—217°, [a]??” + 27-8° in alcohol (c, 1-295) (Found : 
C, 35-8; H, 5-1; Cl, 35-4. C,H,,0,Cl, requires C, 35-8; H, 5-0; Cl, 35-5%). Benzylidenation. of 
fraction B (9 g.) with benzaldehyde (50 c.c.) and anhydrous zinc chloride (10 g.), the mixture being 
poured, after 24 hours’ shaking, into petrol—water, gave a syrup which partly crystallised and on fractional 
recrystallisation yielded (1) dibenzylidene styracitol (see below), m. p. 192° undepressed by admixture 
with an authentic specimen (Found: C, 70-8; H, 6-0. C,9H,,.O, requires C, 70-6; H, 60%). (2) 
A chloro benzylidene anhydrohexitol, m. p. 171—172° (Found: C, 57-1; H, 5-3. C,;H,,0,Cl requires 
C, 57-7; H, 5-5%). 

Neomannide (1: 5-3 : 6-Dianhydromannitol).—This was synthesised according to the procedure 
outlined by Hockett and Sheffield (loc. cit.). 

Bismethanesulphonyl Neomannide.—Neomannide (50 mg.) was dissolved in dry pyridine (3 c.c.), 
and methanesulphonyl chloride (0-2 c.c.) added at 0°. The mixture was kept overnight, then poured 
into ice-water. The crystalline precipitate was collected, washed with water, and recrystallised from 
alcohol—acetone, forming small needles, m. p. 188—189° alone or in admixture with the bismethane- 
sulphonyl dianhydrohexitol (B) obtained above; [a]p + 11-1 in acetone (c, 0-90). The bismethane- 
sulphonyl dianhydrohexitol, m. p. 190°, had [a]p + 11-5 in acetone (c, 0-965) (Found: C, 32-3; H, 4-9. 
C,H,,0,S, requires C, 31-8; H, 4-6%). 

Styracitol (1 : 5-anhydromannitol).—This was obtained by the hydrogenation of tetra-acetyl oxyglucal 
according to the procedure of Hockett and Conley (loc. cit.). 

Dibenzylidene styracitol. Styracitol (0-3 g.) and zinc chloride (0-2 g.) were shaken with benzaldehyde 
(5 c.c.) for 24 hours. Sodium carbonate (0-5 g.) in water was added and the excess of benzaldehyde 
removed by steam distillation under reduced pressure. The solution was evaporated to dryness and the 
residue extracted with chloroform. The chloroform extract was evaporated, and a crystalline residue 
obtained. This, recrystallised from alcohol, formed feathery needles, m. p. 192°. 

2:3:4: 6-Tetrakismethanesulphonyl styracitol. Styracitol (0-1 g.) was dissolved in dry pyridine and 
methanesulphonyl chloride (0-5 g.) at 0°. The mixture was kept for 24 hours and then poured into 
ice-water. The precipitated tetrakismethanesulphonate was collected, washed with water, dried, and 
recrystallised from acetone containing a little ligroin. It formed small needles, m. p. 171—172° 
Found: C, 25-5; H, 4:3. C,H. 0,35, requires C, 26-0; H, 4:2%). 
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2: 5-Bismethanesulphonyl 1 : 4-3 : 6-dianhydromannitol.—Dianhydromannitol (20 g.) was dissolved 
in dry pyridine (100 c.c.), and methanesulphony]l chloride (30 c.c., 2-1 mols.) carefully added at 0°. The 
mixture was kept for several days at room temperature and then poured intoice—water. Theprecipitated 
2 : 5-bismethanesulphonate was collected and washed with water; recrystallised from alcohol—acetone, 
it formed colourless plates (28 g.), m. p. 104°, [a]/®* + 138-7° in chloroform (c, 1-775) (Found : C, 32-2; 
H, 46. C,H,,0,S, requires C, 31-8; H, 4-6%). 


The authors are grateful to Professor Sir Norman Haworth, F.R.S., for his interest, and to the 
Colonial Products Research Council for financial support. 
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449. Compounds of Diaryleyanoarsine Type. 


By L. J. Gotpswortuy, W. H. Hook, J. A. Joun, S. G. P. PLant, J. Rusuton, 
and L. M. Situ. 


A considerable number of diarylarsonous acids have been made by the use of the Bart 
reaction, and converted by reduction in the presence of hydrochloric acid into the corresponding 
diarylchloroarsines. From these and other diarylchloroarsines obtained by alternative methods 
many diarylcyanoarsines have been prepared. 


DURING investigations undertaken in order to obtain a series of compounds of diarylcyano- 
arsine type, ASRR”CN, the reaction of Bart (D.R.-P. 250,264; Chem. Zentr., 1912, ii, 882; 
Annalen, 1922, 429, 55) has been applied to the preparation of a number of diarylarsonous 
acids, ASRR’O-OH.* It is of interest that although phenyl- and the three tolyl-arsenious 
oxides, R-AsO, readily coupled as sodium salts with a variety of diazotised amines, o- and 
p-chlorophenylarsenious oxides could not be made to undergo the reaction with aniline or 
o-chloroaniline, the only products isolated being the corresponding chlorophenylarsonic acids, 
formed by oxidation of the oxides. 

Many of the diarylchloroarsines, AsRR’Cl, required for conversion into the cyanoarsines 
were obtained from these diarylarsonous acids by reduction with sulphur dioxide in the presence 
of hydrochloric acid, but a few of the symmetrical ones were prepared by heating the appropriate 
aryldichloroarsine, AsRCl,, with three molecular proportions of the corresponding arylarsenious 
oxide (the Pope-Turner process). The method of Steinkopf (Annalen, 1917, 413, 310), using 
2-thienylmercury chloride and arsenic trichloride, has been modified to give more satisfactory 
yields of di-2-thienylchloroarsine, and phenyl-2-thienylchloroarsine has been prepared, first from 
2-thienylmercury chloride and phenyldichloroarsine, and secondly from phenylinercury chloride 
and 2-thienyldichloroarsine. The diarylcyanoarsines were obtained from the chloroarsines by 
the action of sodium cyanide. 

p-Phenylenebisdichloroarsine, C,H,(AsCl,),, has been prepared by reduction of p-phenylene- 
diarsonic acid with sulphur dioxide in the presence of hydrogen chloride. 


EXPERIMENTAL. 
Diarylarsonous Acids. 


Di-m-tolylarsonous Acid.—The following procedure is based upon a method developed before 1940 
at the Ministry of Supply Research Establishment, Sutton Oak, for the preparation of diphenylarsonous 
acid. m-Toluidine (21-8 g.) in concentrated hydrochloric acid (42-5 c.c.) and water (85 c.c.), was 
diazotised below 0° by the addition of sodium nitrite (14-7 g.) in water (45 c.c.), and the solution made 
neutral to Congo-red with concentrated aqueous sodium carbonate. Meanwhile m-tolylarsenious oxide 
(37 g.) was dissolyed by warming with aqueous sodium hydroxide (23 c.c. of 36-7%) and water (30 c.c.), 
and the solution diluted with more water (730 c.c.) and filtered. The diazo-solution was kept below 0° 
and mechanically stirred while the arsenious oxide solution was added dropwise below the surface during 
2 hours, a little nitrobenzene being added occasionally to dispel the froth. Stirring was then continued 
for a further 2 hours below 0°, after which the mixture was left overnight. Aqueous sodium hydroxide 
(8 c.c. of 36-7%) was added, the whole stirred for an hour, the tarry material removed by filtration, and 
the filtrate stirred with charcoal for 20 minutes at room temperature. After being again filtered, the 


* By a recent decision the oxyacids of phosphorus, arsenic, and antimony are now named as in the 
following examples : 
PRO(OH), PR(OH), PR,O-OH PR,°OH 
Phosphonic Phosphinic Phosphonous Phosphinous 


The compounds AsRR’O-OH, which under I.U.C. Rule 34 would be called arsinic acids, are therefore 
here called arsonous acids.—Editor. 
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solution was treated with ice, and acidified (Congo-red) with concentrated hydrochloric acid. The 
precipitate (8 g.) was crystallised from aqueous alcohol, from which di-m-tolylarsonous acid separated in 
colourless needles, m. p. 140—143° (Found: C, 57-7; H, 5-2. C,,H,,;0,As requires C, 57-9; H, 5-2%). 

The following were prepared by a similar process, the starting materials which were used being 
indicated, where necessary, by giving the amine. The yields were generally between 10% and 30% 
of the theoretical, but no figures are given because several of the preparations have been made only 
once, and adjustment of the conditions would no doubt give improved results: phenyl-o-tolylarsonous 
acid (from o-toluidine), colourless prisms, m. p. 163°, from aqueous alcohol (Found: C, 55-5; H, 4-6. 
C,3H,,;0,As requires C, 56-5; H, 4:7%); phenyl-m-tolylarsonous acid (from m-toluidine), colourless 
prisms, m. p. 117—119°, from aqueous alcohol (Found: C, 54-9; H, 46%); phenyl-m-4-xylylarsonous 
acid (from m-4-xylidine), colourless needles, m. p. 165—167°, from water (Found: C, 58-1; H, 5-4%); 
di-o-tolylarsonous acid, colourless prisms, m. p. 197°, from alcohol (Found : C, 57-0; H, 5-0%);_o-tolyl- 
m-tolylarsonous acid (from m-toluidine), colourless plates, m. p. 129—131°, from aqueous alcohol (Found : 
C, 56-7; H, 5-2%); o-tolyl-p-tolylarsonous acid (from o-toluidine) ; m-tolyl-p-tolylarsonous acid (from 
m-toluidine), yellow prisms, m. p. 145—146°, from aqueous alcohol (Found: C, 58-2; H, 5-2%); di-p- 
tolylarsonous acid, m. p. 171° (cf. La Coste, Annalen, 1881, 208, 1; Matsumiya and Nakai, Chem. Zenir., 
1926, i, 652; 1927, i, 1302); o-tolyl-m-4-xylylarsonous acid (from m-4-xylidine), colourless needles, m. p. 
184—185°, from aqueous alcohol (Found: C, 58-3; H, 5-4. C,,;H,,0,As requires C, 59-2; H, 5-6%); 
p-tolyl-m-4-xylylarsonous acid (from m-4-xylidine), colourless needles, m. p. 138—140°, from aqueous 
alcohol (Found : C, 58-2; H, 5-5%); 2-chlorodiphenylarsonous acid (from o-chloroaniline), m. p. 184—186° 
(Found: C, 48-4; H, 3-7. C,H ,0,ClAs requires C, 48-6; H, 3-4%); 4-chlorodiphenylarsonous acid 
(from -chloroaniline), m. p. 161° (Found: C, 48-0; H, 3-4%) (cf. Mann and Watson, /J., 1947, 505); 
o-chlorophenyl-o-tolylarsonous acid (from o-chloroaniline), colourless prisms, m. p. 218—224°, from aqueous 
alcohol (Found : C, 50-9; H, 4-2. C,,;H,,0,ClAs requires C, 50-2; H, 3-9%); p-chlorophenyl-o-tolyl- 
arsonous acid (from p-chloroaniline), colourless prisms, m. p. 131—134°, from acetone (Found : C, 49-0; 
H, 3°5%); 0-chlorophenyl-p-tolylarsonous acid (from o-chloroaniline), colourless prisms, m. p. 170—172°, 
from aqueous alcohol (Found: C, 50-1; H, 40%); m-chlorophenyl-p-tolylarsonous acid (from m-chloro- 
aniline), colourless prisms, m. p. 124—125°, from aqueous alcohol (Found : C, 49-8; H, 4-0%); p-chloro- 
phenyl-p-tolylarsonous acid (from p-chloroaniline), colourless needles, m. p. 144°, from aqueous alcohol 
(Found: C, 50-2; H, 39%); p-nitrophenyl-p-tolylarsonous acid (from Y peapenane ay colourless needles, 
m. p. 142—144°, from water (Found: C, 48-5; H, 3-9. C,,;H,,0O,NAs requires C, 48-6; H, 3-7%); 
3-formyldiphenylarsonous acid (from m-aminobenzaldehyde), colourless prisms, m. p. 168° (softens at 
163°), from water (Found: C, 52-4; H, 4-0. C,;H,,O;As requires C, 53-8; H, 3-8%) [its 2 : 4-dinitro- 
phenylhydvazone separated from alcohol in yellow prisms, m. p. 270° (decomp.) (Found: N, 12:1. 
C,,H,,O,N,As requires N, 11-9%)]; 3-acetyldiphenylarsonous acid (from m-aminoacetophenone), colour- 
less needles, m. p. 146—148°, from aqueous alcohol (Found: C, 55-4; H, 4:4. C,,H,,0,As requires C, 
55-3; H, 43%); 3-carboxydiphenylarsonous acid.(from m-aminobenzoic acid), yellow prisms, m. p. 215° 
(decomp.), from aqueous alcohol (Found: C, 51-3; H, 3-6. C,,;H,,0O,As requires C, 51-0; H, 3-6%); 
4-carboxydiphenylarsonous acid (from p-aminobenzoic acid), almost colourless needles, m. p. 229—231°, 
from aqueous alcohol (Found: C, 51-2; H, 3-8%); phenyl-l-naphthylarsonous acid (from a-naphthyl- 
amine), m. p. 181—183° (cf. Blicke and Smith, J. Amer. Chem. Soc., 1929, §1, 3479; Klippel, Chem. 
Zentr., 1931, i, 1440); phenyl-2-naphthylarsonous acid (from B-naphthylamine), m.p. 157—159° (Found : 
C, 58-6; H,4-3. C,,H,,0,As requires C, 61-5; H, 4-2%); p-tolyl-1-naphthylarsonous acid (from a-naph- 
thylamine), colourless plates, m. p. 198—200°, from aqueous alcohol (Found: C, 62-4; H, 4:8. 
C,,H,,0,As requires C, 62-6; H, 4-6%); p-tolyl-2-naphthylarsonous acid (from B-naphthylamine), pale 
pink prisms, m. p. 160—162°, from aqueous alcohol (Found: C, 62-6; H, 4-6%). 

m-Chlorophenyl-o-tolylarsonous Acid.—The following process was based upon conditions developed 
by Professor A. R. Todd in 1940 for diphenylarsonous acid, and communicated by the Ministry of 
Supply. A suspension of the hydrochloride of m-chloroaniline (25 g. of the base) in concentrated hydro- 
chloric acid (45 c.c.) was cooled to —15° by the addition of ice, and diazotised below 0° by the gradual 
addition of sodium nitrite (14 g.) during 15 minutes. The solution was then made just neutral to Congo- 
red with aqueous sodium carbonate. o0-Tolylarsenious oxide (35-7 g.) was dissolved in 10% sodium 
hydroxide solution (125 c.c.), and water added to make the volume up to 250c.c. The diazo- and oxide 
solutions were added simultaneously below the surface to a solution of Lissapol LS (1 g.) in water (50 c.c.) 
immersed in an ice-bath and vigorously stirred. The diazo-solution was added slightly in advance of 
the oxide solution, and during the process, which was completed in about 14 hours, the temperature was 
kept at 0°. A few drops of nitrobenzene were added to prevent excessive frothing, and the mixture was 
kept slightly alkaline to brilliant-yellow paper by addition of sodium carbonate solution as necessary. 
Sodium carbonate (10 g.) was then added in portions during 1 hour, and stirring continued, still with an 
ice-bath, until the presence of the diazo-compound could no longer be detected by means of H-acid. 
The solution was filtered to remove a considerable amount of tarry material, stirred for some time with 
charcoal, and again filtered. On acidification (to Congo-red) with hydrochloric acid, m-chlorophenyl-o- 
tolylarsonous acid (11 g.) was precipitated as a gum, but this crystallised after a few hours. After 
se from aqueous alcohol, it was obtained in colourless prisms, m. p. 138° (Found: C, 50-1; 

’ 8 ‘o}- 

The following were prepared by a process similar to the above: o-nitrophenyl-o-tolylarsonous acid 
(from o-nitroaniline), pale yellow prisms, m. p. 220—221° (with darkening), from alcohol (Found: C, 
48-6; H, 3-8%); m-nitrophenyl-o-tolylarsonous acid (from m-nitroaniline), colourless prisms, m. p. 183— 
186°, from water (Found: C, 48-6; H, 3-9%); p-mttrophenyl-o-tolylarsonous acid (from p-nitroaniline), 
colourless prisms, m. p. 169—171°, from alcohol (Found: C, 48-6; H, 3-9%). 

2-Acetamidodiphenylarsonous Acid.—A solution of 2-nitrodiphenylarsonous acid (45 g., prepared by 
the method of Sakellarios, Ber., 1924, §7, 1514) and sodium hydroxide (35 g.) in water (450 c.c.) was 
added in a thin stream to a suspension of ferrous hydroxide prepared by adding sodium hydroxide 
{110 g. in 400 c.c. of water) to a rapidly stirred solution of ferrous sulphate (255 g.) in water (700 c.c.). 
After the mixture had been stirred for 3 hours, it was left for a day and then filtered. The filtrate was 
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mechanically stirred and treated gradually with hydrochloric acid (12%) until it became turbid. A few 
c.c. of dilute acetic acid were then added, and the gummy pink precipitate was filtered off. This process 
was repeated with further successive small amounts of acetic acid until a crystalline precipitate began 
toform. The precipitation of 2-aminodiphenylarsonous acid (25 g., m. p. 129—130°; cf. Kalb, Annalen, 
1921, 428, 39) was then completed by addition of excess of acetic acid. A mixture of the amino-acid 
(10 g.), acetic anhydride (20 c.c.), acetic acid (100 c.c.), and concentrated sulphuric acid (0-5 c.c.) was 
heated on a steam-bath for an hour, and most of the volatile material then removed by distillation under 
reduced pressure, When water was added and the solution concentrated to small bulk, 2-acetamido- 
diphenylarsonous acid (8 g.) separated. After crystallisation from alcohol (charcoal), it melted at 193— 
195° (Found: C, 52-1; H, 4:5; N, 4-4. C,,H,,O,;NAs requires C, 52-7; H, 4-4; N, 44%). 


Diarylchloroarsines. 


2-Chlorodiphenylchloroarsine.—2-Chlorodiphenylarsonous acid (15 g.) was suspended in concentrated 
hydrochloric acid (30 c.c.) at 90°, a crystal of potassium iodide was added, and sulphur dioxide was 
passed through with mechanical stirring for 2 hours. When cold, the oily product was extracted with 
carbon tetrachloride, and the extract dried (Na,SO,). After the solvent had been removed by distillation 
from a water-bath under reduced pressure, 2-chlorodiphenylchloroarsine remained as an oil which solidified 
on being cooled in a freezing mixture. It then melted at 30—35° (Found: hydrolysable Cl, 12-6. 
C,,H,Cl,As requires hydrolysable Cl, 11-9%). 

The following were similarly prepared from the corresponding derivatives of diphenylarsonous acid : 
o-nitrophenyl-o-tolylchloroarsine, yellow prisms, m. p. 93—96°, from petroleum (b. p. 60—80°) (Found : 
N, 4:4; Cl, 10-7. C,,;H,,O,NCIAs requires N, 4-3; Cl, 110%); p-nitrophenyl-p-tolylchloroarsine, yellow 
needles, m. p. 94—-96°, from methyl alcohol (Found: Cl, 9-2%); 3-acetyldiphenylchloroarsine, colourless 
prisms, m. p. 71—72°, from petroleum (b. p. 60—80°) (Found: Cl, 11-6. C,,H,,OCIAs requires Cl, 
11-6%) ; diphenylchloroarsine-3-carboxylic acid, colourless prisms, m. p. 134—136°, from benzene (Found : 
Cl, 10-6. C,3;H,O,ClAs requires Cl, 115%); diphenylchloroarsine-4-carboxylic acid, colourless prisms, 
m. p. 115—117°, from benzene—petroleum (b. p. 60—80°) (Found: Cl, 10-7%); 2-acetamidodiphenyl- 
chloroarsine (prepared at room temperature), colourless needles, m. p. 162—164°, from benzene (Found : 
C, 53:3; H, 4:2; Cl, 10-6. C,,H,,ONCIAs requires C, 52-3; H, 4-0; Cl, 11-0%). A number of other 
derivatives of diphenylchloroarsine were formed by a similar process as intermediates in the preparation 
of the cyanoarsines described below, but were not characterised. 

Methyl Diphenylchloroarsine-3-carboxylate.—After diphenylchloroarsine-3-carboxylic acid (5 g.) had 
been refluxed for 10 hours with methyl] alcohol (50 c.c.) saturated with hydrogen chloride, the solvent 
was removed by distillation under reduced pressure until frothing became troublesome. The residue 
was dissolved in warm benzene, and the solution dried (MgSO,), boiled for 10 minutes with charcoal, 
filtered, and evaporated under reduced pressure. The ester was obtained as a brown oil (Found: C, 
52-4; H, 4:1; Cl, 10-7. C,,H,,0,ClAs requires C, 52-1; H, 3-7; Cl, 110%). Methyl diphenylchloro- 
arsine-4-carboxylate was similarly prepared and obtained as a pale brown oil (Found: C, 52-8; H, 4-0; 
Cl, 9-8%). 

5, following conditions are based upon the Pope-Turner process 
for diphenylchloroarsine, communicated by the Ministry of Supply. A mixture of o-chlorophenyl- 
dichloroarsine (5-2 g.) and o-chlorophenylarsenious oxide (12-3 g.) was heated at 300° for an hour in an 
atmosphere of carbon dioxide, cooled, and treated with benzene. After removal of arsenious oxide by 
filtration, the benzene was distilled off under reduced pressure in an atmosphere of hydrogen. The 
residual di-o-chlorophenylchlovoarsine solidified on cooling and, after crystallisation from petroleum, 
melted at 73—75° (Found : hydrolysable Cl, 10-3. C,,H,Cl,As requires C, 43-2; H, 2-4; hydrolysable 
Cl, 10-6%). 

The Pitowing were prepared by a similar process: di-p-chlorophenylchloroarsine, m. p. 45—48°, 
after being distilled and collected at 175—179°/0-6 mm. (Found: C, 43-4; H, 2-1; hydrolysable Cl, 
10-4%) (cf. Hunt and Turner, J., 1925, 127, 2667); di-l-naphthylchloroarsine, m. p. 163—165° (cf. 
Challenger and Ridgway. J., 1922, 121, 104; Matsumiya and Nakai, Joc. cit.; Blicke and Smith, J. Amer. 
Chem. Soc., 1929, 51, 1558); di-2-naphthylchloroarsine, colourless plates, m. p. 88°, from petroleum 
(b. p. 60—80°) (Found: Cl, 10-1. C,9H,,ClAs requires Cl, 9-7%). 

3-Chloroacetyldiphenylchloroarsine.—3-Acetyldiphenylchloroarsine was heated at 100° in a sealed 
tube with slightly more than one molecular proportion of chlorine in dry carbon tetrachloride solution 
in bright sunlight for several hours. After removal of the solvent under reduced pressure, 3-chloro- 
acetyldiphenylchloroarsine remained as a viscous yellow oil (Found : hydrolysable Cl, 21-0. C,,H,,OCl,As 
requires hydrolysable Cl, 20-8%). 

Di-2-thienylchloroarsine.—The following conditions proved to be much more satisfactory for this 
preparation than those described by Steinkopf (Joc. cit.). A mixture of 2-thienylmercury chloride (600 g.), 
arsenic trichloride {180 g.), and toluene (1100 c.c.) was refluxed for 6 hours, cooled, and filtered from the 
precipitate of mercuric chloride. Most of the toluene and unchanged arsenic trichloride were removed 
from the filtrate by distillation under reduced pressure in an atmosphere of hydrogen from a flask fitted 
with a fractionating column. The residual oil (248 g.) was fractionally distilled (hydrogen atmosphere) 
at 13 mm. in seven separate portions to avoid prolonged heating and consequent disproportionation of 
the product. The following combined fractions were collected: (i) b. p. below 120° (13 g.), (ii) b. p. 
120—125° (7-5 g., mostly 2-thienyldichloroarsine), (iii) b. p. 125—180° (36 g.), and (iv) b. p. 180—220° 
(130 g.). The last fraction, most of which boiled at 195—-210°/13 mm., was a reasonably pure specimen 
of di-2-thienylchloroarsine (Found: Cl, 11-8. Calc. for C,H,S,ClAs: Cl, 12-8%). The residue was 
distilled at a lower pressure and gave an oil (40 g.), b. p. 195—200°/0-5 mm., which was mainly tri-2- 
thienylarsine. 

For the preparation of purer tri-2-thienylarsine, a mixture of 2-thienyldichloroarsine and di-2-thienyl- 
chloroarsine was heated in toluene for 7 hours under reflux with excess of 2-thienylmercury chloride, 
and worked up as described above. A fraction, b. p. 180—194°/0-8 mm., containing 5-5% of chlorine, 
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and another, b. p. 194—196°/0-8 mm., containing 0-8% of chlorine, were collected. These were united 
and heated for 5 minutes in alcohol at 70° with a little potassium hydroxide. After filtration, the alcohol 
was removed by distillation in steam, and the oily residue was washed by decantation with water and 
dissolved in ether. The solution was dried (Na,SO,), the solvent removed, and the residue fractionally 
distilled in an atmosphere of hydrogen. Tri-2-thienylarsine, almost free from chlorine, was collected 
at 193—198°/0-55 mm. as a practically colourless liquid (Found: C, 44-4; H, 3-1; Cl, 0-4; S, 31-2; 
As, 20-5. Calc. for C,,H,S,;As: C, 44-4; H, 2-8; S, 29-7; As, 23-2%). 

Phenyl-2-thienylchloroarsine.—(a) A mixture of 2-thienylmercury chloride (10 g.), phenyldichloro- 
arsine (7 g.), and toluene (20 c.c.) was boiled under reflux for 7 hours. After the solid which had separ- 
ated had been removed by filtration and washed with toluene, the solvent was removed from the united 
toluene solutions under reduced pressure. The residue was distilled at a low pressure in an atmosphere of 
hydrogen, and two main fractions were collected. The first (1-7 g.), b. p. 983—106°/0-3 mm., was 
evidently phenyldichloroarsine, 2-thienyldichloroarsine, or a mixture of the two (Found: Cl, 32-0. 
Calc. for C,H,Cl,As: Cl, 31-8. Calc. for C,H,Cl,SAs: Cl, 31-0%). The second (3-5 g.) was collected 
at 158—172°/0-9 mm., and consisted essentially of phenyl-2-thienylchloroarsine (Found: C, 42-0; H, 
2-9; Cl, 15-9. CygH,CISAs requires C, 44-4; H, 3:0; Cl, 13-1%). A small amount of less volatile 
material remained. 

(b) A mixture of phenylmercury chloride (27 g., prepared as described by Roeder and Blasi, Ber., 
1914, 47, 2748), 2-thienyldichloroarsine (19-5 g.), and toluene (50 c.c.) was boiled under reflux for 7 
hours, and then treated as above. After a fraction (7 g.) of dichloroarsine type (Found: Cl, 31-4%) 
bad been obtained at 96—112°/0-65 mm., phenyl-2-thienylchloroarsine (6 g.) was collected at 150— 
156°/0-7 mm. (Found: C, 41-0; H, 2-6; Cl, 15-3%). The analyses indicate a small amount of dis- 
proportionation to dichloroarsines during distillation. 


Diarylcyanoarsines. 


Some of the cyanoarsines described below were isolated as solids and were purified by crystallisation, 
but those obtained as oils were usually not distilled owing to the possibility of disproportionation in 
accordance with the scheme, 2R,As*CN [ RAs(CN), + R;As. Most of these liquids were shown by 
analysis to be reasonably pure, but, in a few, a low nitrogen content probably indicated the presence of 
a small amount of the corresponding oxide, RR’As*O-AsRR’, formed by hydrolysis. 

Phenyl-o-tolylcyanoarsine.—Phenyl-o-tolylchloroarsine (15 g.) was added to a solution of sodium 
cyanide (2-9 g.) in water (6 c.c.), and the whole shaken vigorously for 10 minutes, the temperature being 
maintained at 60°. The resulting oil was extracted with ether, and, after the extract had been dried 
(Na,SO,) and filtered, the solvent was removed by distillation under reduced pressure from a water- 
bath. Phenyl-o-tolylcyanoarsine (11 g.) remained as a faintly red, viscous oil (Found: C, 61-9; H, 4-2; 
N, 5-2. C,,4H,,NAs requires C, 62-5; H, 4-5; N, 5-2%). 

The following were similarly prepared: phenyl-p-tolylcyanoarsine, golden yellow liquid (Found : 
C, 63:2; H, 4:8; N, 4-7%); 2-chlorodiphenylcyanoarsine, pale yellow oil, which solidified on standing 
and then melted at 40—42° (Found: C, 54-7; H, 3-4; N, 4-9. ©C,,H,NClAs requires C, 53-9; H, 3-1; 
N, 4:8%); 4-chlorodiphenylcyanoarsine, m. p. 102° (Found: N, 4:8%); phenyl-2-thienylcyanoarsine, 
practically colourless oil, b. p. 168—174°/0-5 mm., which solidified on standing and then melted at 49— 
51° (Found : C, 49-5; H, 3-1; N, 4-4; S,12-8. C,,H,NSAs requires C, 50-6; H, 3-1; N, 5-4; S, 12-3%). 

Di-m-tolylcyanoarsine.—A suspension of di-m-tolylarsonous acid (7 g.) in concentrated hydrochloric 
acid (40 c.c.) at 90°, containing a little potassium iodide, was mechanically stirred while sulphur dioxide 
was passed in for 14 hours. The oily di-m-tolylchloroarsine was extracted with carbon tetrachloride, and 
the extract dried (MgSO,) and evaporated on the steam-bath under reduced pressure. The residue was 
dissolved in benzene (20 c.c.) and shaken with sodium cyanide (1-7 g.) in water (3-4 c.c.) at 40° for 10 
minutes. The whole was filtered from sodium chloride, the aqueous layer removed, and the benzene 
solution dried (MgSO,). When the benzene was removed on the steam-bath under reduced pressure, 
di-m-tolylcyanoarsine remained in good.yield as a brownish yellow oil (Found: N, 5-0. C,;H,,NAs 
requires N, 4-9%). The oil solidified on standing, and then melted again at 43—47°. 

The following were similarly prepared: phenyl-m-tolylcyanoarsine, brownish yellow liquid (Found : 
N, 5:1%); phenyl-m-4-xylylcyanoarsine, viscous brown oil (Found: N, 46%); di-o-tolyleyanoarsine, 
colourions prisms, m. p. 74°, from petroleum (b. p. 40—60°) (Found : N, 5- 38,) ; o-tolyl-m-tolylcyano- 
arsine, pale brown oil (Found : N, 4:1%) ;_0-tolyl-p-tolylcyanoarsine, pale brown oil which solidified on 
standing (Found: C, 61-9; H, 4:8; N, 4:5. C,;H,,NAs requires C, 63-6; H, 4-9%); m-tolyl-p- tolyl- 
cyanoarsine, reddish brown oil (Found: N, 4- 5%) : di-p-tolylcyanoarsine, colourless plates, m. p. 62°, 
with a faint pink tinge, from petroleum (b. p. 40—60°) (Found: N, 5-0%); 0-tolyl-m-4- -xylylcyanoarsine, 
brown oil (Found: N, 3-5. C,gH,,NAs requires N, 4:7%); p-tolyl-m-4-xylylcyanoarsine, brown oil 
(Found: N, 3-7%); o-chlorophenyl-o-tolyicyanoarsine, colourless prisms, m. p. 69°, from petroleum 
(b. p. 40—60°) (Found: N, 4-5. C,,H,,NCIAs requires N, 46%); m-chlorophenyl-o-tolylcyanoarsine, 
colourless prisms, m. p. 61°, from petroleum (b. p. 40—60°) ‘(Found : N, 4:8%); p-chlorophenyl-o-tolyl- 
cyanoarsine, colourless prisms, m. p. 64°, from petroleum (b: p. 40—60°) (Found: N, 4-8%); o-chloro- 
phenyl-p-tolylcyanoarsine, brown oil (Found: N, 4:2%); m-chlorophenyl- p-tolylcyanoarsine, brown oil 
(Found : N, 4:2%); p-chlorophenyl-p- tolylcyanoarsine, “brownish yellow oil (Found: N, 4-4%); o-nttro- 
phenyl-o- tolylcyanoarsine, yellow prisms, m. p. 105—107°, from petroleum (b. p. 60—80°) (Found : N, 
7-6. C,4H,,0O,N,As requires N, 8-9%); m-nitrophenyl-o-tolylcyanoarsine, colourless prisms, m. p. 
101°, from benzene (Found: N, 8-9%); p-nitrophenyl-o-tolyicyanoarsine, colourless prisms, m. p. 103— 
105°, from benzene (Found : N, 8-9%) ; Seat pee go tolyleyanoarsine, pale yellow needles, m. p. 
88—90°, from petroleum (b. p 60-4 (Foun N, 88%); 3- Re ek te mere viscous, 
golden yellow oil (Found; N, £ 6. C,4H,,ONAs requires N, 4- 9%) ; 3-acetyldiphenylcyanoarsine, colour- 
less prisms, m. p. 57—59°, from petroleum (Found: CN, 8-8. C,,;H,,ONAs requires CN, 8-8%) ; 
phenyl-1- naphthylcyanoarsine, yellow plates, m. p. 98—99°, from methyl alcohol (Found : N, 3-9%) 
(cf. Klippel, loc. cit.); phenyl-2-naphthylcyanoarsine, m. p. 59—61°, after crystallisation from petroleum 
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(b. p. 60—80°) (Found: N, 4-5. C,,H,,NAs requires N, 4-6%); p-tolyl-1-naphthylcyanoarsine, colour- 
less prisms, m. p. 83—84°, from benzene-petroleum (b. p. 60—80°) (Found: N, 4-4. C,,H,,NAs 
requires N, 4-4%); p-tolyl-2-naphthylcyanoarsine, colourless prisms, m. p. 99°, from petroleum (b. p. 
60—80°) (Found: N, 4-4%). ; 

Di-o-chlorophenylcyanoarsine.—A solution of di-o-chlorophenylchloroarsine in the minimum quantity 
of benzene at 40° was vigorously shaken for 10 minutes at 50° with slightly more than one molecular 
proportion of sodium cyanide in concentrated aqueous solution. After the mixture had been cooled, 
sufficient water and benzene were added to give two clear layers. The benzene layer was washed with 
water, dried (MgSO,), and filtered. When the solvent had been removed under reduced pressure in an 
atmosphere of hydrogen, di-o-chlorophenylcyanoarsine remained as an oil which soon solidified. After 
crystallisation from petroleum (b. p. 60—80°), it melted at 85—-87° (Found: N, 4-1. C,;H,NCl,As 
requires N, 43%). 

The following were similarly prepared: di-p-chlorophenylcyanoarsine, b. p. 198—200°/0-5 mm., 
colourless prisms, m. p. 58—60°, from petroleum (b. p. 60—80°) (Found: CN, 7-6. C,,;H,NCI,As 
requires CN, 8-0%); methyl diphenylcyanoarsine-3-carboxylate, pale brown oil (Found: N, 3-6. 
C,;H,,0,NAs requires N, 45%); methyl diphenylcyanoarsine-4-carboxylate, pale brown oil (Found : 
N, 3-9%); di-l-naphthylcyanoarsine, colourless plates, m. p. 191°, from benzene (Found: N, 4:2%) 
(cf. Grichkiewitch-Trochimowski, Mateyak, and Zablotski, Bull. Soc. chim., 1927, 41, 1323) ; di-2-naphthyl- 
cyanoarsine, colourless prisms, m. p. 89—91°, from benzene—petroleum (b. p. 60—80°) (Found: N, 3-8. 
C,,H,,NAs requires N, 3-9%). 

2-Aminodiphenylcyanoarsine.—After a solution of 2-aminodiphenylarsonous acid (5 g.) in concen- 
trated hydrochloric acid (100 c.c.) had been saturated with sulphur dioxide, the precipitated hydro- 
chloride of 2-aminodiphenylchloroarsine (5-5 g.) was collected on a sintered glass filter, washed with 
hydrochloric acid, and dried. The hydrochloride (3-2 g.) was triturated for a few minutes with a cold 
solution of sodium cyanide (1-05 g.) in water (3 c.c.). A little benzene was added and trituration con- 
tinued until the cyanoarsine had dissolved in the benzene layer, which was then separated, dried (MgSO,), 
and evaporated under reduced pressure at room temperature. 2-Aminodiphenylcyanoarsine melted at 
53° after recrystallisation from benzene, and was found to be hygroscopic (Found: CN, 8-9. C,,;H,,N,As 
requires CN, 9-6%). 

Di-m-aminophenylcyanoarsine.—When sulphur dioxide was passed into a solution of di-m-amino- 
phenylarsonous acid (prepared as described by Blicke, Oakdale, and Oneto, J. Amer. Chem. Soc., 1934, 
56, 141) in concentrated hydrochloric acid containing a little sodium iodide, the dihydrochloride of 
di-m-aminophenylchloroarsine was precipitated in almost quantitative yield. Sodium cyanide (3-1 
molecular proportions) was added in small portions to a well-stirred suspension of the dihydrochloride in 
slightly more than its own weight of water below 30°. The mixture was diluted with its own volume of 
water, and stirring was continued for a further 5 minutes. The solid di-m-aminophenylcyanoarsine was 
filtered off, washed with water, and dried in a desiccator. After crystallisation from benzene, it was 
obtained in colourless plates, m. p. 114° (Found: CN, 9-3. C,;H,,N,As requires CN, 9-1%). 

Di-2-thienylcyanoarsine.—Di-2-thienylchloroarsine (50 g.) was added in portions with vigorous 
shaking to a solution of sodium cyanide (10-5 g.) in water (21 c.c.), the temperature being kept between 
17° and 25°. After the completion of the reaction, indicated bya fall in temperature, benzene (250 c.c.) 
was added, and the mixture filtered to remove sodium chloride. The benzene layer was shaken with an 
equal volume of water, dried (MgSO,), and filtered. After the solvent had been removed from the 
filtrate, the residue was distilled under reduced pressure in an atmosphere of hydrogen. Di-2-thienyl- 
cyanoarsine (32 g.) was collected as an oil, b. p. 175—200°/0-3 mm., which rapidly solidified. On 
crystallisation from petroleum (b. p. 40—s0°) it was obtained in colourless plates, m. p. 51—55° (Found: 
C, 39-3; H, 2-3; N, 5-2. C,H,NS,As requires C, 40-4; H, 2:2; N, 5-2%). 

Arsanthren Cyanide, CgH,<[AsCN],>C,H,—A mixture of arsanthren chloride (prepared from 
o-arsanilic acid as described by Kalb, loc. cit.) with 10 times its weight of dry toluene and freshly pre- 
cipitated silver cyanide (50% excess) was refluxed for 10 hours. When the hot solution was filtered and 
left to cool, avsanthren cyanide separated. After recrystallisation from benzene, it was obtained in 
large, colourless prisms (dried under reduced pressure at room temperature) containing benzene of 
crystallisation (Found: C, 52-1; H, 2-7; N, 7-3. 2C,,H,N,As,,CgsH, requires C, 51-9; H, 2-8; N, 
71%). When heated to constant weight under reduced pressure at 110—120°, the loss in weight 
amounted to 9-8% (Calc.: 9-9%), and arsanthren cyanide, m. p. 165—167°, was obtained free from 
benzene (Found: CN, 15-0. C,,H,N,As, requires CN, 14-7%). 

p-Phenylenebisdichloroarsine.—Crude p-phenylenediarsonic acid, prepared essentially as described 
by Bart (Annalen, 1922, 429, 55), was dissolved in hot alcohol which had been saturated with hydrogen 
chloride. The solution was cooled, filtered, treated with a few c.c. of hydriodic acid (d 1-7), saturated 
with sulphur dioxide, and left at room temperature for 2 days, during which time hydrogen chloride and 
sulphur dioxide were occasionally passedin. A small amount, m. p. 93—97°, of practically pure p-phenyl- 
enebisdichloroarsine separated and was removed, but the main product (m. p. 75—85°) was obtained by 
adding the filtrate to about an equal volume of water. After crystallisation from petroleum (b. p. 
60—80°), it was obtained in practically colourless plates, m. p. 96—97° (Found: C, 19-9; H, 1-1; Cl, 
37-5. C,H,Cl,As, requires C, 19-6; H, 1-1; Cl, 38-6%). Kretow and Berlin (Chem. Zentr., 1932, i, 
3048) apparently used this substance to obtain the disulphide, C,H,(AsS),, but no details of its prepar- 
ation or physical properties are given. 


We are indebted to Sir Robert Robinson for his interest in these investigations, and to the Chief 
Scientific Officer, Ministry of Supply, for permission to publish the work. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, January 30th. 1948.) 
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450. Union of Aryl Nuclei. Part VII. Reactions with Acyl Peroxides. 
By D. H. Hey and E. W. WALKER. 


Reactions have been carried out between a number of acyl peroxides and (a) benzene and 
(b) pyridine. Inthe benzene series these reactions frequently provide good preparative methods 
for diaryl derivatives, but in the pyridine series the reaction is not one of general applicability, 
probably owing to the formation of pyridine oxide. Reactions are also described between 
benzoyl peroxide and (a) quinoline and (b) 2: 2: 4-trimethylpentane, between phthalic acid 
peroxide and nitrobenzene, and between m-nitrobenzoyl peroxide and molten benzoic acid. 
It is shown that when l-methyl hydrogen 4-nitrophthalate is converted into a peroxide, by 
formation of the acid chloride and treatment with hydrogen peroxide, a mixture of two 
isomerides is obtained. The reactions of the peroxides conform to the free-radical mechanism 
put forward in an earlier communication (J., 1934, 1966). 


LipPMANN (Monatsh., 1886, 7, 521) obtained diphenyl by heating benzoyl peroxide in benzene 
at 140°, but since he also obtained the same hydrocarbon by thermal decomposition of the 
peroxide admixed with sand there was no evidence that the benzene had participated in the 
reaction. The formation of diphenyl by prolonged boiling of benzoyl peroxide in benzene 
was also observed by Orndorff and White (Amer. Chem. J., 1893, 15, 347). The first clear 
indication of the course followed in these reactions came from the work of Gelissen and Hermans 
(Ber., 1925, 58, 285), who showed that p-chlorobenzoyl and m-nitrobenzoyl peroxide react 
with benzene to give only 4-chlorodiphenyl and 3-nitrodiphenyl respectively, and that 4: 4’- 
dichlorodiphenyl and 3: 3’-dinitrodiphenyl were not formed. In subsequent papers these 
authors were able to substantiate this view beyond all doubt (Ber., 1925, 58, 476, 479, 764, 
984, 2396; 1926, 59, 662; etc.). From the reaction between benzoyl peroxide and benzene 
these workers isolated not only benzoic acid, diphenyl, and phenyl benzoate, but also smaller 
quantities of p-terphenyl, quaterphenyl, esters of higher phenols, and resinous products. 
Further, when benzoyl peroxide was used with toluene or diphenyl, the resulting products 
were 2- and 4-methyldiphenyl or p-terphenyl respectively. These authors interpreted these 
reactions as follows : 


main reaction 


.(R-CO,), + R’H — 
side reaction 


Products such as terphenyl and quaterpheny] resulted from the further action of the peroxide 
on the hydrocarbons initially formed. Overhoff and Tilman (Rec. Trav. chim., 1929, 48, 993) 
investigated the reaction of benzoyl peroxide with pyridine and recorded the isolation of 2- 
and 4-phenylpyridine. The first attempt to apply the reaction to suitable aromatic compounds 
with the object of investigating the directive influence of substituent groups or atoms in this 
reaction was made by Hey (/J., 1934, 1966), and the results obtained clearly showed that the 
reaction was not governed by the normal laws for cationoid or anionoid substitution reactions. 

The mechanism of the reaction between acyl peroxides and various organic liquids attracted 
the attention of Boeseken, Gelissen, and Hermans, but these authors rejected the possibility 
of the intervention of free radicals (Annalen, 1935, 519, 133; Rec. Trav. chim., 1935, 54, 760), 
although they had recognised the marked similarity between certain reactions of the diazo- 
compounds and the reactions of acyl peroxides (Ber., 1925, 58, 984). Wieland and Razubaiev 
(Annalen, 1930, 480, 157) and Wieland, Schapiro, and Metzger (Annalen, 1934, 513, 93) also 
refused to accept a free radical mechanism mainly on the grounds that in the thermal decom- 
position of a mixed peroxide, R*CO*O*O-COR’, the product contained only the compound 
RR’, and RR and R’R’ were absent. These workers maintained that if free radicals were 
involved all three products would be formed. On the other hand, in the thermal decomposition 
of the peroxide the two dissimilar radicals R and R’ would probably be produced in close 
proximity, and being radicals of short life would tend to react together at once according to the 
Frank—Rabinowitch principle. The view that these reactions involve the participation of 
free radicals was first put forward by Hey (loc. cit.) and later elaborated by Hey and Waters 
(Chem. Reviews, 1937, 21, 169). The general scheme for the reaction with a compound R’H 
may be represented as follows : 





Y 


RR’ + R-CO,H+CO,. . . « « (A) 
RH + R-CO,R’+CO,. . .. . @) 





Y 


1. (R+CO,) —> R:-+R-CO, + CO, 5. RCO, +R’H —> R-CO,H + R* 
2, R-+RH —> RR’+H: 6. R-CO,;+H- —> R-CO,H 
3. R-+RH —> RH+R* 7. RCO. +R —> R-CO,R’ 
4. RCO, + R’H —> R-CO,R’ + H: 8. R: +H: —> RH 
9. R: +R’ —> RR’ 
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These reactions are accompanied by further reactions between the free radicals and atoms with 
the products formed in the primary reactions. 

The present communication, which is based on work completed in 1941, the records of 
which were partly destroyed by enemy action, is mainly directed to the reactions of a number 
of acyl peroxides with benzene and with pyridine, which were found to follow in general the 
reaction scheme outlined above. The peroxides used were o-nitrobenzoyl, m-nitrobenzoyl, 
p-nitrobenzoyl, p-chlorobenzoyl, p-methoxybenzoyl, 1l-naphthoyl, 2-naphthoyl, cinnamoy]l, 
phenylacetyl, 2 : 2’-dicarboxybenzoyl, 2 : 2’-dicarbomethoxybenzoyl, 5-nitro-2 : 2’-dicarbomethoxy- 
benzoyl, and phthaloyl. The peroxides were prepared from the acid chlorides and hydrogen 
peroxide; m-nitrobenzoyl peroxide was also prepared by the nitration of benzoyl peroxide. 

In reactions with boiling benzene the three nitrobenzoyl peroxides gave 2-nitrodipheny], 
3-nitrodiphenyl, and 4-nitrodipheny] in yields of 60, 80, and 53% respectively, and p-methoxy- 
benzoyl peroxide gave 4-methoxydipheny] in 23% yield. 2-Naphthoyl peroxide gave 2-phenyl- 
naphthalene in 19% yield. The 2: 2’-dicarbomethoxybenzoyl peroxide (I) reacted readily 
with boiling benzene to give in 55% yield methyl diphenyl-2-carboxylate, which was identified 
by hydrolysis and ring closure to give fluorenone : 
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The corresponding reaction with the 5-nitro-2 : 2’-dicarbomethoxybenzoyl peroxide was less 
straightforward. The peroxide obtained in the normal manner from l-methyl hydrogen 
4-nitrophthalate, prepared as described by Wegscheider and Lipschitz (Monatsh., 1900, 21, 
802), proved to be a mixture of two isomerides. The less soluble peroxide of higher melting 
point underwent reaction with boiling benzene to give 2-methyl hydrogen 4-nitrophthalate 
and the hitherto unknown methyl 4-nitrodiphenyl-2-carboxylate, identified by hydrolysis and 
ring closure to give 2-nitrofluorenone. The peroxide of higher melting point must therefore 
have the constitution (II) : 
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The more soluble peroxide of lower melting point could not be obtained entirely free from the 
isomeric peroxide, and the reaction with benzene gave a mixture of nitrodiphenylcarboxylic 
esters, which on hydrolysis and ring closure gave a mixture of 2- and 3-nitrofluorenone. The 
more soluble peroxide must therefore be regarded as having the constitution (III) : 
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At the time when this work was completed it was not clear how the peroxide (II) could be 
formed from 1-methyl hydrogen 4-nitrophthalate, and if the starting material was homogeneous, 
as claimed by Wegscheider and Lipschitz (/oc. cit.), it had to be assumed that some rearrange- 
ment must have taken place either in the formation of the acid chloride or in the subsequent 
reactions. In a recent communication (J. Amer. Chem. Soc., 1947, 69, 1548) Cason has shown 
that in the conversion of each of the two isomeric half esters of an unsymmetrically substituted 
dibasic acid into the ester acid chlorides by treatment with thionyl chloride a mixture of the 
two isomeric acid chlorides is obtained. Stallberg-Stenhagen (J. Amer. Chem. Soc., 1947, 69, 
2568) has studied the conditions under which this type of rearrangement takes place, and 
considers it likely that it may be due to the intermediate formation of the anhydrides. In the 
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light of these observations the formation of the two isomeric peroxides from 1-methyl hydrogen 
4-nitrophthalate is not unexpected, since the action of thionyl chloride would probably result 
in the formation of the two isomeric acid chlorides. 

No pure products were isolated from the reaction of 1-naphthoyl peroxide or of phthaloyl 
peroxide with benzene. On the other hand, 2: 2’-dicarboxybenzoyl peroxide proved to be 
remarkably stable, and after being boiled with benzene for 120 hours most of it was recovered 
unchanged. In view of this stability nitrobenzene was chosen as a reactant of higher boiling 
point. With this solvent reaction took place readily at 140°, and a mixture of 2- and 4-nitro- 
diphenyl-2’-carboxylic acid was isolated in good yield. The very reactive phenylacetyl peroxide 
decomposed in benzene solution at 30°, and only dibenzyl, formed by dimerisation of the benzyl 
radicals, was isolated from the product. This result is in full agreement with that recorded 
by Kharasch, Kane, and Brown (J. Amer. Chem. Soc., 1942, 64, 1621), who isolated only 
dibenzyl and phenylacetic acid from the decomposition of phenylacetyl peroxide in carbon 
tetrachloride solution. From the reaction between cinnamoyl peroxide and benzene, stilbene 
was obtained in small yield together with much polymerised material. 

The readiness with which peroxides react with aromatic compounds, including nitrobenzene, 
suggested that in some reactions, especially those carried out at higher temperatures, a secondary 
reaction might ensue between the peroxide and the aromatic acid formed as a normal product 
of the main reaction (A). In order to test the extent of this possibility a reaction was carried 
out between m-nitrobenzoyl peroxide and molten benzoic acid at 125°. The acidic products 
were fractionally precipitated with alkali, and from the least soluble fractions a mixture of 
nitrodiphenylcarboxylic acids was obtained. From this mixture the hitherto unknown 3-nitro- 
diphenyl-3’- and -4’-carboxylic acids were isolated. Since neither product could be ring-closed 
to yield a nitrofluorenone, the only alternative constitution, namely that of 3-nitrodiphenyl- 
2’-carboxylic acid, is eliminated. In the absence of evidence to the contrary the acid of higher 
melting point is regarded as having the carboxyl group in the 4’-position. Substitution at 
the meta and para positions with respect to the carboxyl group is in agreement with results 
previously obtained in similar reactions with ethyl benzoate (Hey, J., 1934, 1968). A small 
quantity of nitrobenzene was also isolated (reaction B), together with some 3: 3’-dinitro- 
diphenyl. The latter product is possibly due to the localised explosive decompositions in the 
body of the liquid, which were a characteristic feature of this reaction. 

The reaction between benzoyl peroxide and pyridine was investigated by Overhoff and 
Tilman (loc. cit.), who reported the formation of 2- and 4-phenylpyridine only. In view of the 
close correspondence between the reactions of benzoyl peroxide and those of nitrosoacetanilide 
and benzene diazohydroxide, which have already been shown to give rise to substitution at all 
three positions in the pyridine nucleus, it was considered highly probable that in the case of 
benzoyl peroxide also all three isomerides were formed. A repetition of this reaction gave a 
mixture of phenylpyridines in 35% yield from which the picrates of 2-, 3-, and 4-phenyl- 
pyridine were isolated. The comparatively low yield of phenylpyridines in this reaction is 
accompanied by a yield of benzoic acid corresponding to 1°2 mols. per mol. of peroxide used. 
This indicates the occurrence of a secondary reaction of a type which does not arise in the 
reactions with benzene, and may be due to the formation of pyridine oxide (cf. Meisenheimer, 
Ber., 1926, 59, 1848). This tendency was much more marked in later experiments with sub- 
stituted benzoyl peroxides. For example, when o-nitrobenzoyl peroxide was boiled with 
pyridine, the acidic fraction consisting of o-nitrobenzoic acid accounted for 87% of the peroxide 
used, and no nitrophenylpyridines were isolated. Similar results were obtained when m- 
and p-nitrobenzoyl peroxides were used. On the other hand, both -chlorobenzoyl peroxide 
and p-methoxybenzoyl peroxide reacted readily with pyridine at 95°, and gave mixtures of 
p-chlorophenylpyridines and -methoxyphenylpyridines respectively, Voth in 27% yield. 
From these mixtures 2- and 4-p-chlorophenylpyridine and 2- and 4-p-methoxyphenylpyridine 
were isolated by fractional crystallisation of the picrates. The reactions of l-naphthoyl] 
peroxide and of 2-naphthoyl peroxide with pyridine gave mixtures of 1-naphthylpyridines 
and 2-naphthylpyridines in small yield. In the former case only one 1-naphthylpyridine was 
isolated in pure form as the picrate: in the latter case fractionation of the picrates of the 
2-naphthylpyridines gave the three isomeric 2-naphthylpyridine picrates, identical with the 
three products previously obtained by Elks and Hey (J., 1943, 444) from the reaction between 
1-2’-naphthyl-3 : 3-dimethyltriazen and pyridine. The major isomeride in the mixture 
was also prepared from the reactions between diazotised $-naphthylamine and pyridine, and 
between nitrosoaceto-$-naphthalide and pyridine. In both reactions with the naphthoyl 
peroxides a small quantity of naphthalene was also isolated (reaction B). Reactions with 
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pyridine were also carried out with 2: 2’-dicarbomethoxybenzoyl peroxide and with 
cinnamoyl peroxide. In the former case the methyl esters of a mixture of pyridylbenzoic 
acids were obtained from which two picrates were formed; in the latter case a small quantity 
of «-stilbazole was isolated from the product. 

A reaction between benzoyl peroxide and quinoline at 105° gave a mixture of phenyl- 
quinolines, which was treated with picric acid and the resulting complex mixture of picrates 
submitted to fractional crystallisation. 4-Phenylquinoline picrate and 5-phenylquinoline 
picrate were isolated and identified, and indications were obtained of the presence of three 
other isomerides, but none of these was obtained in a form sufficiently pure for unambiguous 
identification. For reference purposes the seven isomeric phenylquinolines were synthesised. 
Of these 5- and 7-phenylquinoline, which had not been reported at that time, were prepared 
from 3-aminodiphenyl by the Skraup reaction. The mixture of 5- and 7-phenylquinolines 
thus obtained was separated by fractional crystallisation of the picrates. The more soluble 
isomeride was identified as the picrate of 5-phenylquinoline by mixed melting point with an 
authentic specimen prepared at about the same time from 1-5’-quinolyl-3 : 3-dimethyltriazen 
and benzene (Elks and Hey, Joc. cit.). The second and less soluble picrate must therefore be 
that of the hitherto unknown 7-phenylquinoline. 

Some preliminary experiments were also carried out on reactions between acyl peroxides 
and saturated aliphatic compounds of various types. It was not possible to pursue this work 
further in 1941, but reference may be made to the reaction of benzoyl peroxide with 2: 2: 4- 
trimethylpentane. This differed from all the preceding reactions with aromatic and heterocyclic 
compounds in that the product contained a relatively small yield of benzoic acid and a propor- 
tionately high yield of benzene, i.e., predominance of reaction B. Some diphenyl and diphenyl- 
4-carboxylic acid were also isolated, these being formed presumably as the result of secondary 
reactions. The difference thus revealed in the reactions of benzoyl peroxide with aromatic 
and aliphatic compounds is in complete accord with the established properties of the phenyl 
radical (Hey and Waters, loc. cit.). 


EXPERIMENTAL. 


Preparation of Peroxides.—Unless otherwise stated the peroxides were prepared from a solution 
of the acid chloride (2 mols.) in chloroform by shaking below 4° with aqueous 25% sodium hydroxide 
(2 mols.) and 20-vol. hydrogen peroxide (1 mol.) according to a modification of the procedure used for 
the preparation of p-chlorobenzoyl peroxide by Gelissen and Hermans (Ber., 1925, 58, 292). The 
peroxides were precipitated from the chloroform solution by the addition of methyl] alcohol, and many 
had to be purified by a repetition of this process since the peroxides do not always lend themselves to 
crystallisation from hot or warm solvents owing to their instability. Because of the explosive nature 
of the peroxides, analyses for carbon and hydrogen by combustion were generally discarded in favour 
of the iodometric method used by Boeseken and Gaster (Rec. Trav. chim., 1930, 49, 102). Similar 
difficulties with combustion analyses have been previously recorded by Milas and Panagiotakos (/. 
Amer. Chem. Soc., 1940, 62, 1878). The general method of preparation is illustrated by the preparation 
of o-nitrobenzoyl peroxide. 

o-Nitrobenzoyl Peroxide.—A solution of o-nitrobenzoyl chloride (100 g.) in chloroform (100 c.c.) was 
shaken at 2° with 20-vol. hydrogen peroxide (200 c.c.) and 25% aqueous sodium hydroxide (65 c.c.). 
The crystalline peroxide which separated was filtered off and addition of methyl alcohol to the chloroform 
filtrate precipitated a further quantity. The total product (61 g.) was washed well with methyl alcohol 
and dried over sulphuric acid. Crystallisation from chloroform gave o-nitrobenzoyl peroxide in colourless 
plates, m. p. 147° (explosive decomp.) (Found: C, 51-4; H, 2-3. C,,H,O,N, requires C, 50-6; H, 
2-4%). 

# following peroxides were similarly prepared: m-nitrobenzoyl (m. p. 134°), p-nitrobenzoyl 
(m. p. 157°), p-chlorobenzoyl (m. p. 138°), p-methoxybenzoyl (m. p. 127° from alcohol; purity 97-8% 
by titration), l-naphthoyl * (m. p. 98°), 2-naphthoyl * {a. p- 140° from chloroform) (Found : C, 77: i: 
H, 4-1. Calc. for C,,H,O,: C, 77:2; H, 41%), 2: 2’-dicarbomethoxybenzoyl (Found: C, 60-4; 
H, 4:1. C,,H,,0O, requires C, 60-3; H, 3-9%. Purity 99-83% by titration), cinnamoyl peroxide 
(m. p. 130°), and phenylacetyl. m-Nitrobenzoyl peroxide was also prepared by the nitration of benzoyl 
peroxide as described by Gelissen and Hermans (Ber., 1925, 58, 293). 

' 2: 2’-Dicarboxybenzoyl peroxide was prepared from phthalic anhydride by the method of Baeyer 
and Villiger (Ber., 1901, 34, 764). Phthaloyl peroxide was prepared from s-o-phthaloyl chloride (5 g.), 
prepared by the method of Ott (Org. Synth., 1931, 11, 88), which was added with vigorous stirring to a 
solution of sodium phosphate (10 g.) in 20-vol. hydrogen peroxide (40 c.c.). After 4 hour, 10% aqueous 
sodium hydroxide (10 c.c.) was added and stirring was continued for 24 hours. The white precipitate 
was collected, washed with water, and dried (1 g.; yield 24%). The product decomposed without 
melting at about 125°. In another preparation a solution of phthaloyl chloride (15 g.) in chloroform 
(15 c.c.) was shaken with a mixture of 20 vol. hydrogen peroxide (48 c.c.) and 25% aqueous sodium 
hydroxide (24 c.c.). The precipitated peroxide was collected at the pump, washed with water, and 


* Since this work was completed both l-naphthoyl peroxide and 2-naphthoyl peroxide have been 
described by Kharasch and Dannley (j. Org. Chem., 1945, 10, 406), who reported m. p.s of 98-2° and 
138° respectively. 
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dried (4:3 g.; yield 33%). The product decomposed at 125° (cf. von Pechmann and Vanino, Ber., 
1894, 27, 1512). 

Ned wee peroxide was prepared by shaking a solution of phenylacetyl chloride (5 g.) in light 
petroleum (30 c.c.) with a cold mixture of 20-vol. hydrogen peroxide (10 c.c.) and 25% sodium hydroxide 
(5 c.c.). The peroxide separated in colourless flakes, which were filtered off and washed successively 
with ice-cold water, methyl alcohol (10 c.c.), and light petroleum (30 c.c.). The dry crystalline peroxide 
(1 g.) exploded on contact with a spatula. Vanino and Thiele (Ber., 1896, 29, 1727) recorded m. p. 41° 
(decomp.) for phenylacetyl peroxide. 

Reactions with Benzene.—(i) o-Nitrobenzoyl peroxide (5 g.) was added to benzene (45 c.c.) and the 
mixture boiled under reflux for 18 hours. After removal of excess of benzene by distillation, the residue 
was heated with 25% aqueous sodium hydroxide (40 c.c.) for 4 hours at 100°. The mixture was extracted 
with benzene, and on distillation 2-nitrodiphenyl (1-8 g.) was obtained, m. p. and mixed m. p. with an 
authentic specimen, after crystallisation from dilute alcohol, 37°. 

(ii) m-Nitrobenzoyl peroxide (25 g.) was refluxed with benzene (100 c.c.) for 24 hours and the product 
was worked up as described above for the ortho compound. After removal of excess of benzene from 
the extract, a residue of straw-coloured crystals (12 g.) was obtained, which after recrystallisation from 
alcohol melted, both alone and in admixture with 3-nitrodiphenyl, at 61°. 

(iii) p-Nitrobenzoyl peroxide (5 g.) was refluxed with benzene (35 c.c.) for 48 hours and the product 
worked up as fur the ortho compound. After treatment with alkali the crude 4-nitrodiphenyl was 
filtered off from the diluted mixture. Crystallisation from alcohol with charcoal gave 4-nitrodiphenyl 
(1-6 g.), m. p. and mixed m. p. with an authentic specimen, 112°. 

(iv) p-Methoxybenzoyl peroxide (10 g.) was boiled under reflux with benzene (100 c.c.) for 16 hours. 
After removal of excess of benzene, the residue was boiled with 10% aqueous-alcoholic sodium hydroxide 
for 2hours. The alcohol was removed by distillation and the residue diluted and filtered. The residual 
solid was distilled in a vacuum and the product (1-4 g.), after crystallisation from alcohol, gave 4-methoxy- 
diphenyl, m. p. 89°. 

(v) 2-Naphthoyl peroxide (10 g.) was boiled under reflux with benzene (100 c.c.) for 24 hours. 
Excess of benzene was removed, and the product was boiled with 10% aqueous-alcoholic sodium 
hydroxide for 3 hours. The alcohol was distilled off and the residue diluted and filtered. The pre- 
cipitated solid was collected, washed with hot water, and dried (3-5 g.). The product, purified by 
distillation with steam followed by crystallisation from alcohol, was 2-phenylnaphthalene, m. p. and 
mixed m. p. with an authentic specimen, 101°. 

(vi) 2: 2’-Dicarboxybenzoyl peroxide (17 g.) was boiled under reflux with benzene (100 c.c.) for 
120 hours; at the end of this time much undissolved material remained which was filtered off (12 g.) 
and found to consist of substantially pure unreacted peroxide. Concentration of the filtrate deposited 
a crystalline solid (2 g.), which was recrystallised from benzene. On sublimation, phthalic anhydride 
was obtained. No other product was isolated. In view of its stability at the temperature of boiling 
benzene the peroxide (18 g.) was added to nitrobenzene (80 c.c.) stirred at 140°. Carbon dioxide was 
evolved, and the reaction was completed by heating at 160° for 4 hour. After removal of excess of 
nitrobenzene under reduced pressure, the residue was dissolved in benzene and extracted with aqueous 
sodium hydroxide (5%). Acidification followed by extraction with ether gave a mixture of acids 
(17-5 g.) which was refluxed with chloroform (150 c.c.), and the insoluble phthalic acid (7-6 g.) filtered 
off. Concentration of the chloroform solution to 30 c.c. resulted in the separation of 4-nitrodipheny]l- 
2’-carboxylic acid (2-3 g.), m. p. and mixed m. p. 224—226° (cf. Grieve and Hey, /J., 1932, 1891, footnote). 
Evaporation of the filtrate left a viscous solid, from which 2-nitrodiphenyl-2’-carboxylic acid (1-7 g.), 
m. p. and mixed m. p. 165—166°, was isolated by crystallisation from benzene (cf. Bell, J., 1934, 838). 

(vii) 2 : 2’-Dicarbomethoxybenzoyl peroxide (15 g.) was boiled under reflux with benzene (100 c.c.) 
for 24 hours. No unchanged peroxide could be detected at the end of this period. The solution was 
extracted with 10% aqueous sodium carbonate (3 x 50 c.c.), and the benzene was then evaporated 
and the residue distilled. Methyl diphenyl-2-carboxylate (4-4 g.) was collected at 300—310°. A 
portion of this product (2 g.) was hydrolysed with 10% alcoholic potassium hydroxide (25 c.c.) to give 
diphenyl-2-carboxylic acid, m. p. and mixed m. p. 112° after crystallisation from dilute alcohol. A 
portion of the acid (0-5 g.), dissolved in concentrated sulphuric acid (5 c.c.), gave a deep red coloration 
and, on dilution and addition of alkali, fluorenone (0-4 g.) was precipitated, m. p. and mixed m. p. 83° 
after crystallisation from alcohol. 

(viii) The peroxide derived from l-methyl hydrogen 4-nitrophthalate was obtained as follows: 
finely powdered 4-nitrophthalic anhydride was boiled under reflux for 4 hour with methyl alcohol (cf. 
Wegscheider and Lipschitz, Joc. cit.), and after removal of the excess of methyl alcohol the residual 
syrup crystallised. The resulting 1-methyl ester of 4-nitrophthalic acid was converted into the acid 
chloride by reaction with thionyl chloride at 60°. The crude acid chloride (55 g.) in the form of a 
viscous syrup was dissolved in chloroform (50 c.c.) and shaken with a mixture of 20-vol. hydrogen 
peroxide (80 c.c.) and 25% aqueous sodium hydroxide (40 c.c.). The solid which separated together 
with the chloroform layer was treated with methyl alcohol, and the oil which separated solidified over- 
night at 0° (25-4 g.; yield 50%). The product was dissolved in hot acetone (200 c.c.), and addition of 
cold methyl alcohol (350 c.c.) precipitated a pale yellow solid (A) (10 g.), m. p. 143°. Water was added 
to the filtrate until it became opalescent, and on standing colourless prisms separated (B) (12-5 g.), 
m. p. 110°. These two products were treated separately as follows. 

Peroxide (A). The peroxide was further purified by reprecipitation several times from acetone by 
addition of methyl alcohol. The final product had m. p. 153° (Found: C, 48-4; H, 2-85. C,,H,,0,.N, 
requires C, 48-2; H, 2-7%. Purity by titration 100-1%). The peroxide (7-5 g.) was boiled under 
reflux -with benzene (100 c.c.) for 48 hours, at the end of which time no unreacted peroxide could be 
detected. On cooling, straw-coloured needles separated (2 g.), m. p. 139°, which after recrystallisation 
from benzene was raised to 143°, which agrees with the recorded m. p. for 2-methyl hydrogen 4-nitro- 
phthalate (cf. Wegscheider and Kusy von Dibrav, Monatsh., 1903, 24, 825). The filtrate was extracted 
with 10% aqueous sodium carbonate, and the aqueous layer acidified and extracted with ether. 








2218 Hey and Walker: Union of Aryl Nuclei. Part VII. 


Evaporation of the ether gave a further quantity of crude 2-methyl hydrogen 4-nitrophthalate (1-8 g.), 
m. p. 137°. The benzene solution was evaporated and the residue distilled in high vacuum. A fraction 
(2-7 g.) collected at 70—80°/0-00001 mm. solidified on cooling. Methyl 4-nitrodiphenyl-2-carboxylate 
separated in needles m. p. 70° after crystallisation from dilute alcohol (Found: C, 65-6; H, 4:5. 
C,,H,,0,N requires C, 65-4; H, 43%). A portion of this ester (0-6 g.) was hydrolysed by heating 
with 10% alcoholic potassium hydroxide (10 c.c.). The solution was diluted to 100 c.c. with water 
and acidified. The precipitated 4-nitrodiphenyl-2-carboxylic acid (0-5 g., m. p. 170°) separated from 
dilute alcohol in needles, m. p. 172° (cf. Heilbron, Hey, and Wilkinson, J., 1938, 115). A portion of 
the purified acid (0-4 g.) was dissolved in concentrated sulphuric acid (5 ¢.c.) and the solution poured 
into cold water (20 c.c.) and made slightly alkaline. The precipitated 2-nitrofluorenone crystallised 
from alcohol in golden needles, m. p. and mixed m. p. 218°. 

Peroxide (B). The peroxide (8-1 g.), after purification by precipitation (Found: C, 49-1; H, 2-8. 
C€,3H,,0,.N, requires C, 48-2; H, 2-7%), was boiled under reflux with benzene (100 c.c.) and the product 
worked up as described above for peroxide (A). The acid (4-5 g.) liberated on acidification of the 
carbonate extracts proved to be 4-nitrophthalic acid, m. p. and mixed m. p. 163°. The viscous residue 
obtained on evaporation of the benzene was hydrolysed with alcoholic potassium hydroxide, and after 
dilution and acidification a crude acid (2 g.) was obtained which was distilled at 200—220°/0-00001 mm. 
The resulting orange-coloured crystalline product (0-3 g.), m. p. 160—172° after crystallisation from 
dilute acetic acid, was treated with concentrated sulphuric acid to effect ring closure. The product 
was poured into water, and the mixture made slightly alkaline and filtered. Crystallisation from alcohol 
gave yellow-brown plates and golden needles (m. p. ca. 190°). Recrystallisation from glacial acetic acid 
gave a small quantity of 2-nitrofluorenone m. p. 214°. A second product, m. p. 220—225°, regarded 
as 3-nitrofluorenone from melting point, colour, and crystalline form, could not be obtained pure. 

(ix) Phenylacetyl peroxide was prepared in benzene solution by shaking a solution of phenylacetyl 
chloride (10 g.) in benzene (50 c.c.) with 20-vol. hydrogen peroxide (20 c.c.) and aqueous 25% sodium 
hydroxide (10 c.c.) at 10° for 20 minutes. The benzene layer was separated, dried over sodium sulphate 
at 10°, and after decantation allowed to warm up to 30°. When evolution of gas had ceased, excess of 
benzene was removed by distillation and the residue was boiled under reflux with 10% aqueous alcoholic 
sodium hydroxide (30c.c.). Thealcohol was distilled off, and the solution diluted to 100 c.c. and extracted 
with ether. Distillation of the extract gave a fraction, b. p. 150—180°/20 mm., which partially solidified 
oncooling. Crystallisation of the solid from dilute alcohol gave dibenzyl (1-2 g.), m. p. and mixed m. p. 51°. 

(x) Cinnamoyl peroxide (20 g.) was boiled under reflux with benzene (500 c.c.) for 24 hours. After 
removal of most of the excess of benzene the residue was boiled under reflux with 25% aqueous alcoholic 
sodium hydroxide for 16 hours. The mixture was extracted with benzene; removal of the solvent 
from the dried extract left a residue which was distilled under reduced pressure. A small quantity of 
stilbene (0-6 g.) was collected at 160°/20 mm. which solidified on cooling, and had m. p. 124° after 
crystallisation from alcohol. 

Reactions with Pyridine.—(i) Benzoyl peroxide (60 g.) was added in small quantities to pyridine 
(200 c.c.) stirred at 100°. Considerable evolution of gas ensued, and the rate of addition was adjusted 
so that no increase in temperature was caused. When the addition was complete, excess of pyridine 
was removed by distillation and the residue was boiled under reflux for 5 hours with a mixture (250 c.c.) 
of equal parts by volume of concentrated hydrochloric acid and water. The mixture was subsequently 
made alkaline with 30% aqueous sodium hydroxide and extracted thrice with benzene (500 c.c.). After 
removal of benzene the residue was distilled under reduced pressure, and two fractions were collected, 
b. p. 156—186° (13-5 g.), and b. p. 200—210° (0-6 g.). The two fractions were combined, dissolved in 
hot alcohol, and added to a hot solution of picric acid (30 g.) in alcohol (390 c.c.). The mixture was 
boiled under reflux for } hour and filtered hot (filtrate, A). The residue (12 g.) was fractionally 
crystallised from alcohol, and yielded bright golden needles of 4-phenylpyridine picrate (3-8 g.), m. p. 
and mixed m. p. 196°. The alcoholic filtrate (A) was cooled, and the crystalline mass which separated 
(47 g.) was fractionally crystallised from alcohol. Repeated crystallisation gave specimens of pure 
3-phenylpyridine picrate in fibrous yellow needles, m. p. and mixed m. p. 163°, and 2-phenylpyridine 
picrate in orange-yellow prisms, m. p. and mixed m. p. 176°. The main bulk of the product from the 
filtrate consisted of impure 2-phenylpyridine picrate. In another experiment the peroxide (60 g.) was 
added to pyridine (200 c.c.) as above, and after removal of excess of pyridine at 100° under reduced 
pressure, the residue was dissolved in benzene (750 c.c.) and extracted first with 5% aqueous sodium 
hydroxide and subsequently with 15% hydrochloric acid. Acidification of the alkaline extract deposited 
benzoic acid (36 g.). Basification of the acid extract, followed by extraction with benzene and evapor- 
ation, gave a mixture of crude phenylpyridines (19 g.), from which the three isomerides were isolated 
in the form of their picrates. The original benzene extract left a tarry residue (5-4 g.) on evaporation. 

(ii) o-Nitrobenzoyl peroxide (20 g.) was added to pyridine (100 c.c.) stirred at 110°. A vigorous 
reaction ensued. -»After removal of excess of pyridine by distillation the residue was dissolved in benzene 
and extracted successively with 5% aqueous sodium hydroxide and with 15% hydrochloric acid. The 
alkaline washings gave o-nitrobenzoic acid (17-3 g.), m. p. and mixed m. p. 146°. The basic fraction 
consisted of a small tarry residue (1-7 g.), whereas the neutral fraction gave a small quantity (0-5 g.) of 
an oil with the odour of nitrobenzene. ‘ In similar reactions with m-nitrobenzoyl peroxide (20 g.) and 
with p-nitrobenzoyl peroxide (20 g.), the main products were m-nitrobenzoic acid (18 g.) and p-nitro- 
benzoic acid (11 g.) respectively. 

(iii) p-Chlorobenzoyl peroxide (20 g.) was added to pyridine (80 c.c.) stirred at 95°. When evolution 
of gas had ceased the mixture was boiled under reflux for 2 hours and excess of pyridine was removed 
under reduced pressure. The residue was boiled with 25% aqueous sodium hydroxide (100 c.c.) and 
extracted with benzene. After removal of solvent, the residue (6 g.) was distilled under reduced pressure 
and the main fraction (3-4 g.), collected at 170—175°/20 mm., was dissolved in hot alcohol and treated 
with a hot solution of picric acid (8 g.) in alcohol (50 c.c.). Fractionation of the resulting picrates from 
acetone gave 4-p-chlorophenylpyridine picrate, m. p. and mixed m. p. 228—229°, and 2-p-chlorophenyl- 
pyridine picrate, m. p. and mixed m. p. 167—168° (cf. Butterworth. Heilbron, and Hey, /., 1940, 356). 
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(iv) p-Methoxybenzoyl] peroxide (20 g.) was added to pyridine (80 c.c.) stirred at 100—110°, and the 
product was worked up as described above for the reaction with p-chlorobenzoyl peroxide. The basic 
product (3-4 g.), b. p. 170—195°/14 mm., which solidified when cold, was treated with alcoholic picric 
acid; fractionation of the resulting picrates from acetone gave 2-p-methoxyphenylpyridine picrate, 
m. p. and mixed m. p. 190°, and 4-p-methoxyphenylpyridine picrate, m. p. and mixed m. p. 205° (cf. 
Haworth, Heilbron, and Hey, /., 1940, 360). 

(v) 1-Naphthoyl peroxide (15 g.) was stirred with pyridine (80 c.c.) at 100°. When reaction had 
ceased excess of pyridine was removed in a vacuum, and the residue was dissolved in benzene (300 c.c.), 
which was extracted successively with 5% aqueous sodium hydroxide and 15% hydrochloric acid. 
Evaporation of the benzene left a small tarry residue (1-4 g.), from which a small quantity of naphthalene 
sublimed on heating (0-05 g.; m. p. and mixed m. p. 79°). The acid extract was basified and extracted 
with benzene, evaporation of which left a dark liquid residue (1-9 g.), which was treated with alcoholic 
picric acid. Crystallisation of the resulting picrate from acetone (with charcoal) gave a 1-naphthyl- 
pyridine picrate in pale yellow needles, m. p. 196° (Found: C, 58-1; H,3-3; N, 12-8. C,;H,,N,C,H,O,N, 
requires C, 58:1; H, 3-2; N, 129%). No isomerides were isolated. 

(vi) 2-Naphthoyl peroxide (20 g.) was added to pyridine (80 c.c.), stirred at 105°, and the reaction 
product was worked up as described in (v). A small quantity of naphthalene, m. p. and mixed m. p. 
79°, was isolated from the neutral fraction by sublimation. The basic residue (2-6 g.) was treated with 
a solution of picric acid (3 g.) in boiling alcohol, and fractional crystallisation of the resulting picrates 
from acetone (with charcoal) gave three isomeric 2-naphthylpyridine picrates, (a) yellow needles, m. p. 
200° (Found: C, 58-0; H, 3-2. Calc. for C,;,H,,N,C,H;0,N,: C, 58-1; H, 3-2%); (0) yellow needles, 
m. p. 179° (Found: N, 12-8. Calc. for C,,H,,N,C,H,O,N,: N, 12-9%); (c) yellow prisms, m. p. 216°, 
in very small yield. The compounds (a), (b), and (c) showed no depression in melting point on admixture 
with the corresponding compounds prepared from 1-2’-naphthyl-3 : 3-dimethyltriazen and pyridine 
(Elks and Hey, /., 1943, 444). 

(vii) 2: 2’-Dicarbomethoxybenzoyl peroxide (40 g.) was added to pyridine (150 c.c.) stirred at 
100°. When reaction was complete, excess of pyridine was removed under reduced pressure and the 
residue dissolved in benzene (500 c.c.) and extracted with a saturated aqueous solution of sodium 
hydrogen carbonate. After removal of the benzene the residue was distilled under reduced pressure, 
and two fractions were collected: (a) b. p. 60°/0-1 mm. (2-3 g.); (b) b. p. 110—150°/0-1 mm. (4-2 g.), 
Fraction (a) was identified as methyl benzoate by hydrolysis. Fraction (b) was treated with a hot 
solution of picric acid (6 g.) in alcohol (40 c.c.). Fractional crystallisation of the resulting picrates 
from acetone gave two isomeric methyl o-pyridylbenzoate picrates : {a) orange-yellow prisms, m. p. 243° 
(0-5 g.) (Found: C, 51-2; H, 3-0. C,,H,,0,N,C,H,O,N, requires C, 51-6; H, 3-2%); (0) fine yellow 
matted fibres, m. p. 196° (1:3 g.) (Found: C, 51-9; H, 3-2%). , 

(viii) Cinnamoyl peroxide (30 g.) was added in small quantities to pyridine (200 c.c.) stirred at 110°. 
When evolution of gas ceased, excess of pyridine was removed under reduced pressure. The residue 
was dissolved in benzene (500 c.c.) and extracted first with 10% aqueous sodium hydroxide and then 
with 10% hydrochloric acid. The acid extract was made alkaline, extracted with benzene, and the 
benzene removed. The residue (0-7 g.) was treated with a solution of picric acid (1 g.) in boiling alcohol. 
The resulting picrates were crystallised from alcohol, and a-stilbazole picrate was obtained in golden 
needles, m. p. and mixed m. p. with an authentic specimen 204°. A portion of the picrate was warmed 
with 5% aqueous sodium hydroxide and the liberated a-stilbazole was extracted with ether. After the 
ethereal extract had been washed free from picric acid, the dried solution was evaporated and the residual 
a-stilbazole isolated, m. p. and mixed m. p. 91°. The authentic specimen was made from a-stilbazole 
prepared from benzaldehyde and 2-methylpyridine as described by Lénart (Annalen, 1915, 410, 95). 

Miscellaneous Reactions.—m-Nitrobenzoyl peroxide and benzoic acid. The peroxide (20 g,) was added 
to molten benzoic acid (75 g.) at 125°, and when addition was complete the temperature was raised to 
150° for 1 hour. The product was dissolved in 10% aqueous sodium hydroxide (500 c.c.) and extracted 
with ether. The aqueous layer was warmed to remove ether, and concentrated hydrochloric acid was 
added to the hot solution until precipitation began. Further acidification was then effected with 5% 
hydrochloric acid (30 c.c.) to give precipitate (A), with a further 20 c.c. to give precipitate (B), and with 
a further 20 c.c. to give precipitate (C). Precipitate (A) was sublimed in high vacuum (150°/0-00001 
mm.), and the sublimate (1-2 g.) crystallised from glacial acetic acid. 3-Nitrodiphenyl-4’-carboxylic 
acid separated in yellow plates, m. p. 301° (Found: C, 64-4; H, 3-3. C,,;H,O,N requires C, 64-2; H, 
3-7%). Insimilar manner the sublimate from precipitate (B) (0-9 g.; 120°/0-00001 mm.) was crystallised 
from glacial acetic acid, and 3-nitrodiphenyl-3’-carboxylic acid separated in flat needles, m. p. 262° 
(Found : C, 63-9; H,4:0%). Precipitate (C) consisted almost exclusively of benzoic acid. Evaporation 
of the ethereal extract from the alkaline washing left a brown syrup (0-7 g.), from which a small quantity 
of 3 : 3’-dinitrodiphenyl separated, m. p. 200° after crystallisation from dilute alcohol (cf. Ullmann and 
Bielecki, Ber., 1901, 34, 2177). 

Benzoyl peroxide and quinoline. Benzoyl peroxide (60 g.) was added to quinoline (200 g.) stirred 
at 100—105°. When reaction was complete, the temperature was raised to 160° for 4 hour, and excess 
of quinoline was removed under reduced pressure. The residue was dissolved in benzene (300 c.c.) 
and extracted with aqueous sodium hydrogen carbonate. The distilled quinoline was also extracted 
with 5% aqueous sodium hydroxide, and acidification of the combined extracts gave benzoic acid 
(37 g.). After evaporation of the benzene the residue was distilled and two fractions were collected : 
(a) b. p. 140—200°/0-5 mm. (17-5 g.); (6) b. p. 200—250°/0-5 mm. (4-5 g.). Fraction (a) was treated 
with a hot alcoholic solution of picric acid; fractional crystallisation of the resulting picrates from 
acetone gave 4-phenylquinoline picrate (2-5 g.), m. p. and mixed m. p. 224°, 5-phenylquinoline picrate, 
m. p. and mixed m. p. 208—210°, and the following picrates which gave mutual melting point depressions 
both with each other and with authentic specimens of phenylquinoline picrates : (a) yellow sphaerolites, 
m. p. 204° (Found: N, 12-1. C,,H,,N,C,H,O,N, requires N, 129%); and in very small quantity 
(b) yellow fibrous needles, m. p. 213°, and (c) yellow needles, m. p. 192°. 

Authentic specimens of the picrates of the seven isomeric phenylquinolines were prepared. 2-Phenyl- 
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quinoline and 3-phenylquinoline were prepared by the method of Friedlander and Gohring (Ber., 1883, 
16, 1833). The picrates were prepared in the normal manner: that of the former melted at 191° and 
of the latter at 205° (cf. Knorr, Annalen, 1888, 245, 380; Hiibner, Ber., 1908, 41, 483). 4-Phenyl- 
quinoline was prepared by the method of Kenner and Statham (J., 1935, 301) and converted into the 
picrate,m.p. 225°. 6- and 8-Phenylquinoline were prepared from 4-aminodiphenyl and 2-aminodiphenyl 
respectively by a modification of the method of La Coste and Sorger (Amnalen, 1885, 280, 8). Con- 
centrated sulphuric acid (3-5 c.c.) was added slowly with cooling to a mixture of 4-aminodiphenyl (3-5 g.), 
anhydrous glycerol (4:5 c.c.), and sodium m-nitrobenzenesulphonate (4 g.). The mixture was heated 
in an oil-bath at 130° under reflux and finally at 150° with frequent shaking. As soon as the reaction 
started the flask was removed from the oil-bath, and after the vigorous reaction had subsided heating 
was continued at 160° for 7 hours. The cold reaction mixture was diluted to 300 c.c. and made strongly 
alkaline with ammonia. The precipitated solid was extracted with boiling benzene; evaporation of 
the benzene left a residue of 6-phenylquinoline (2-3 g.), m. p. 109° after crystallisation from alcohol. 
The picrate separated from acetone in flat yellow needles, m. p. 205° (Found: N,12-7. C,,H,,N,C,H,O,N, 
requires N, 12-9%). By using 2-aminodiphenyl in place of 4-aminodiphenyl, 8-phenylquinoline was 
prepared in 44% yield as an oil, b. p. 210°/20 mm. The ficrate separated from acetone in yellow 
needles, m. p. 200° (Found: N, 12-6. C,;H,,N,C,H,O,N, requires N, 12-9%). Méhlau and Berger 
(Ber., 1893, 26, 2004) have recorded m. p. ca. 210° for this picrate, which was prepared from a base 
derived from the action of solid benzenediazonium chloride on quinoline. A mixture of 5- and 7-phenyl- 
quinoline was prepared from the reaction between 3-aminodipbenyl (6 g.), glycerol (8 c.c.), sodium 
m-nitrobenzenesulphonate (6 g.), and concentrated sulphuric acid (6 c.c.), carried out as described above 
for the reaction with 4-aminodiphenyl. The product (3-7 g.) was treated with alcoholic picric acid, 
and the picrates were boiled under reflux with alcohol (450 c.c.) and filtered off. Recrystallisation of the 
insoluble residue from acetone gave 7-phenylquinoline picrate in stout golden needles, m. p. 210°, which 
depressed the melting point of 5-phenylquinoline picrate (Found: N, 12-3. C,;H,,N,C,H,O,N, 
requires N, 12-9%). A further quantity of 7-phenylquinoline picrate separated from the mother liquor, 
and finally a small quantity of 5-phenylquinoline picrate separated, m. p. 210° both alone and on admix- 
ture with an authentic specimen prepared by the action of 1-5’-quinolyl-3 : 3-dimethyltriazen on 
benzene (Elks and Hey, /oc. cit.). ; 

Benzoyl peroxide and 2: 2 : 4-trimethylpentane. The peroxide (54 g.) was added to 2: 2 : 4-trimethyl- 
pentane (200 c.c.) stirred at 100°. When reaction had ceased, excess of trimethylpentane was removed 
by distillation, and the residue was dissolved in ether (200 c.c.) and extracted with aqueous sodium 
hydrogen carbonate. Acidification of the aqueous extracts deposited benzoic acid (14 g.). Fractional 
distillation of the recovered trimethylpentane gave a fraction (10 c.c.), boiling below 84°, which was 
identified as benzene by conversion into m-dinitrobenzene. After removal of the ether, the residue was 
distilled under reduced pressure and the following fractions were collected: (a) b. p. 113—126°/12 
mm. (6-5 g.); (6) b. p. 142—160°/12 mm. (2-8 g.); (c) b. p. 150—220°/0-2 mm. (5-2 g.); (d) b. p. 150— 
250°/0-00001 mm. (3-0 g.). Fraction (a) deposited crystals of diphenyl, m. p. and mixed m. p. 70°. 
Fraction (b) gave a further quantity of benzoic acid, and fraction (c) gave diphenyl-4-carboxylic acid, 
m. p. and mixed m. p. 220—222°. Fraction (d) was a resin. 
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451. Syntheses of Glycosides. Part XIII. Primulaverin. 


By D. N. Cuaupuury, H. I. Kine, and ALEXANDER ROBERTSON. 


A synthesis of the B-primeveroside of methyl 5-methoxysalicylate is described and evidence 
has been obtained in support of the view that the mixture originally named primulaverin by 
Goris and his co-workers (Joc. cit.) is a mixture of the foregoing glycoside and primeverin. 


ALONG with primeverin (Part X, J., 1933, 1618) Goris and his co-workers (Bull. Sci. pharmacol., 
1909, 16, 695; 1912, 19, 577; 1920, 27, 13) isolated glycosidic material, m. p. 163°, which at 
first they considered to be an individual substance, primulaverin, but which they subsequently 
concluded was a mixture of the primeverosides of methyl 4-methoxysalicylate (primeverin) 
and 5-methoxysalicylate since on hydrolysis the purest specimens obtained invariably gave 
rise to mixtures of 4- and 5-methoxysalicylic acid. Further, these authors also suggested 
that the product, m. p. 163°, probably arose from the crystallisation of two isomorphous sub- 
stances which attain a very stable equilibrium, causing their separation to be difficult, a view 
which seemed reasonable since the two glycosides are very similar in constitution. Though 
Goris continued to call the (mixed) material, m. p. 163°, by the name primulaverin, we propose 
to reserve this name for the 8-primeveroside of methyl 5-methoxysalicylate (II, R = H), a 
synthesis of which was clearly an essential preliminary step in the clarification of this problem. 
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In the first instance two of us (H. I. K. and A. R.) in 1935 attempted the synthesis of the 
required primeveroside by the route adopted in the case of monotropitoside (gaultherin) (Part 
VIII, /J., 1931, 1881) and of primeverin (Part X, J., 1933, 1618), a general procedure which 
was originally devised in order to avoid the troublesome preparation of acetylated biosidyl 
bromides, e.g., from primeverose. Accordingly, the condensation of methyl 5-methoxysali- 
cylate and O-tetra-acetyl-a-glucosidyl bromide by the quinoline—silver oxide method gave 
rise to methyl 2-O-tetra-acetyl-B-glucosidoxy-5-methoxybenzoate in good yield, which on deacetyl- 
ation furnished methyl 2-8-glucosidoxy-5-methoxybenzoate. On acetylation the ¢rityl ether of 
the latter compound yielded methyl 2-(2’ : 3’ : 4’-O-triacetyl-6’-O-trityl-B-glucosidoxy)-5-methoxy- 
benzoate which on removal of the trityl group in the usual manner gave rise to the triacetate (1) 


\o-CH-(CH(0A0)j,-CH-CH, OH 4 )0-CH-ICH(OR)},CH-CH,-0-CH(CH(OR)},-CH, 
CO,M Me 'CO,Me 


WA 
MeO, / e 





(I.) (II.) 


but since attempts to induce this substance to react with O-triacetyl-«-xylosidyl bromide so 
as to give the hexa-acetate of primulaverin (II, R = Ac) failed, we abandoned this route. 
Subsequently, Mauthner (J. pr. Chem., 1940, 156, 150) described the synthesis of the O-hexa- 
acetyl-$-primeveroside of methyl 5-methoxysalicylate, m. p. 198—199°, with the aid of Zem- 
plen’s O-hexa-acetyl-«-primeverosidyl bromide (Ber., 1939, 72, 49) but does not appear to have 
deacetylated the product. Accordingly, we have repeated the preparation of the hexa-acetate 
of primulaverin (II, R = Ac) which we found to have m. p. 212—214°. Deacetylation of this 
substance by the methyl-alcoholic ammonia process gave primulaverin (II, R = H) as a penta- 
hydrate, m. p. 195—197°, which appears to be difficult to dehydrate but which on acetylation: 
re-formed the original hexa-acetate, m. p. and mixed m. p. 212—214°. 

Having obtained primulaverin, we attempted to prepare Goris’s product by recrystallising 
a mixture of synthetical specimens of primulaverin and primeverin from methanol; the latter 
compound, m. p. 205°, was obtained by repeating the synthesis of Jones and Robertson (Part X, 
loc. cit.). The solid (A), which separated, had m. p. 198—200° changing to 202° on crystal- 
lisation from the same solvent, and was apparently almost pure primeverin. Concentration 
of the mother-liquor from (A) gave a product which had m. p. 170—172°, unchanged on repeated 
recrystallisation, and appeared to be predominantly primulaverin contaminated with prim- 
everin. In this connection it is of interest to note that the natural mixture kindly supplied to 
us by Professor Goris was found to have m. p. 167—169°. We then determined the melting 
point curve for the mixture of synthetical glycosides and found that the minimum point on 
the curve, which corresponds to the melting point of Professor Goris’s specimen, was given by 
a mixture containing approximately 75% of primulaverin pentahydrate and 25% of primeverin. 
Thus it would appear that the evidence obtained so far serves to substantiate the suggestion 
made by Goris and his co-workers that the product originally named primulaverin by them 
is a mixture of two glycosides, but final confirmation of this must await the isolation of a sub- 
stantial supply of the natural mixture to enable us to undertake the separation of the com- 
ponents. m 

EXPERIMENTAL. 


5-Hydroxysalicylic Acid.—The following procedure for the preparation of this acid was found to be 
superior to those given in the literature. Sodium nitrite (29 g.), dissolved in water (100 ml.), was 
gradually added to a vigorously stirred mixture of aniline (36 g.), concentrated hydrochloric acid (63 ml. ; 
d 1-9), and crushed ice (300 g.), and 15 minutes later a solution of salicylic acid (53-5 g.) and sodium 
carbonate (200 g. of hydrate) in water (1000 ml.) was introduced. The resulting azo-derivative of 
salicylic acid was collected, washed with water, and gradually added to a well-stirred solution of 
stannous chloride (172 g.) in concentrated hydrochloric acid (350 ml.) and the mixture heated on the 
steam-bath until a clear solution was obtained, which was then rapidly filtered through a glass-wool 
filter pad. After the addition of concentrated hydrochloric acid (500 ml.), the filtrate deposited in the 
course of 24 hours a mass of colourless prisms, and these were collected, washed with dilute hydro- 
chloric acid (500 ml.), and recrystallised from hot water (500 ml.). The resulting 5-aminosalicylic acid 
was mixed with ice (300 g.) and concentrated hydrochloric acid (70 ml.) and then converted into the 
corresponding diazonium salt by the addition of 30% aqueous sodium nitrite (100 ml.). This product, 
which formed almost colourless needles, giving a red-violet ferric reaction in alcohol, was collected 
and washed with a little water at 0°. The moist diazonium chloride (from 53 g. of salicylic acid) was 
heated with 50% sulphuric acid (200 ml.) until the vigorous evolution of nitrogen had ceased (1 hour), 
and on being kept at room temperature the resulting solution gradually deposited 5-hydroxysalicylic 
acid, m. p. 200°, after recrystallisation from dilute hydrochloric acid (yield, 15 g.). 

A solution of sodium hydroxide (6 g.) in water (60 ml.) was added gradually during 20 minutes to 
a vigorously agitated mixture of 5-hydroxysalicylic acid (12 g.) and methyl sulphate (15 ml.), and 
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then after the addition of more hydroxide (4 g.) in water (40 ml.) the reaction mixture was heated on 
the steam-bath for $ hour, cooled, and acidified with sulphuric acid. 5-Methoxysalicylic acid was 
isolated from the crude product by extraction with boiling water (charcoal) and obtained in almost 
colourless needles, m. p. 144°, after recrystallisation, having a deep blue ferric reaction (compare Graebe 
and Martz, Annalen, 1905, 340, 213) (yield, 12 g.). Esterification of the acid with boiling methanol 
and sulphuric acid for 10 hours gave the methyl ester, b. p. 143—144°/16 mm. 

Methyl 2-O-Tetra-acetyl-B-glucosidoxy-5-methoxybenzoate.—To ensure success in this experiment it is 
essential that all the reactants should be pure and dry. 

To a paste of methyl 5-methoxysalicylate (5 g.), O-tetra-acetyl-a-glucosidyl bromide (15 g.), and 
quinoline (6 ml.), ‘“‘ active ’’ silver oxide (7 g.) was added with stirring which was continued for 15—20 
minutes; the mixture was occasionally cooled by immersion in tap water. The reaction mixture was 
then kept in a desiccator over soda-lime for } hour, stirred for 10 minutes, and 3 hours later extracted 
with warm acetic acid (50 ml.), and the filtered extract was poured into water (500 ml.). Next day 
the product was collected, washed with water, and crystallised from a small volume of methyl alcohol, 
forming colourless rods (7-3 g.), m. p. 117°, [a]? —43-95° (in acetone) (Found: C, 54-0; H, 5-5. 
C,,H,,0,, requires C, 53-9; H, 5-5%). The compound is soluble in alcohol, ethyl acetate, and benzene, 
and insoluble in light petroleum. 

Methyl 2-B-Glucosidoxy-5-methoxybenzoate.—Methyl] alcohol containing the foregoing acetate (8 g.) 
in suspension was saturated with ammonia at 0°, and the resulting solution kept at 0° for 6 hours. 
Removal of the ammonia and the solvent in a vacuum at room temperature left an oil which gradually 
solidified and was then extracted with methanol. Crystallisation of the residue from ethyl acetate— 
methanol gave the glucoside as a hemihydrate (3-5 g.), m. p. 170° after sintering at 115°, soluble in water 
and alcohol, [a]??’ —50-63° (in water) (Found: C, 51-1; H, 6-1. C,;H,, 0,,0-5H,O requires C, 51-0; 
H, 6-0%). 

Meio 2-(2’ : 3’ : 4’-O-Triacetyl-8-glucosidoxy)-5-methoxybenzoate—A mixture of the foregoing 
glucoside (3-9 g., dried in a high vacuum at 90° for 1 hour and then at 100° for 3 hours), trityl chloride 
(3 g.), and pyridine (25 ml.) was heated on the steam-bath for 1 hour and was treated next day with 
acetic anhydride (25 ml.). Three days later the mixture was poured into water (400 ml.), and the solid 
collected, well washed with water, and crystallised from methyl alcohol (charcoal), giving the 2-2’: 3’: 4’- 
O-triacetyl-6’-O-trityl-B-glucoside of methyl 5-methoxysalicylate in colourless rods (6 g.), m. p. 141°, 
[a]??” —31-5° (in acetone) (Found: C, 67-0; H, 5-8. Cy gH, Oj. requires C, 67-3; H, 5-6%). Scission 
of this trityl ether (1 g.), dissolved in acetic acid (4 ml.), was effected with a saturated solution of 
hydrogen bromide in acetic acid (0-5 ml.) in the course of 1 minute, and the rapidly filtered mixture 
immediately poured into ice-water (100 ml.). A solution of the gummy precipitate in chloroform (150 
c.c.) was washed several times with ice-water, dried over calcium chloride, and evaporated in a vacuum 
at 30°. Crystallisation of the residue from ethyl acetate-light petroleum (b. p. 40—60°) gave the 
2-2’ : 3’ : 4’-O-triacetyl-B-glucoside of methyl 5-methoxysalicylate as a hemihydrate in tiny colourless 
prisms (0-6 g.), m. p. 160°, [a]?° —54-93° (in acetone), soluble in benzene, alcohol, and chloroform 
(Found, in material dried in air: C, 52-7; H, 5-6. C,,H,,0,,,0-5H,O requires C, 52-6; H, 5-6%. 
Found, in material dried in a high vacuum at 90°: C, 53-3; H, 5-4. C,,H,,0,. requires C, 53-6; 
H, 55%). 

Oe of Methyl 5-Methoxysalicylate (II, R = Ac).—‘ Active”’ silver oxide 
(5 g.) was gradually added with stirring to a paste of methyl 5-methoxysalicylate (1-8 g.), O-hexa-acetyl- 
a-primeverosidyl bromide (Zemplen, Ber., 1939, 72, 49) (6-4 g.), and anhydrous quinoline (10 ml.), and 
the mixture stirred for 20 minutes. Next day the product was extracted with warm acetic acid (80 ml.), 
the filtered extract (charcoal) diluted with water (400 ml.), and the precipitate crystallised from methyl 
alcohol, giving the hexa-acetate (4-5 g.) in rectangular prisms, m. p. 212—214°, [a]? —31-2° (c, in chloro- 
form, 1-28) (Found: C, 52-5; H, 5-7. Calc. for C3,HyO,,: C, 52-7; H, 5-5%) (compare Mauthner, 
loc. cit., who gives m. p. 198—199°). 

B-Primeveroside of Methyl 5-Methoxysalicylate (II, R = H).—Methyl alcohol (200 ml.), containing 
the foregoing hexa-acetate (2-5 g.), was saturated with ammonia at 0° and 6 hours later the clear solution 
was evaporated in a vacuum at room temperature. Slow evaporation of a solution of the residual 
syrup in methyl alcohol (10 ml.) in the course of several days gave the crystalline primeveroside, which 
was collected, washed with a little ice-cold methyl alcohol, and dissolved in the minimum amount of 
warm water. This solution was diluted with four times its volume of alcohol and in the course of a 
week deposited the pentahydrate of the glycoside in colourless slender needles, m. p. 195—197°, 
unchanged after repeated purification, [a]??° —20-0° (c in water, 0-8) (Found: C, 42-6; H, 6-5. 
Co9H,,013,5H,O requires C, 42-4; H, 6-5%). 

Acetylation of the synthetical pentahydrate with acetic anhydride and sodium acetate on the 
steam-bath for 2 hours regenerated the hexa-acetate, m. p. 212—-214°, identical in every way with the 
original material. , Under the same conditions acetylation of a small specimen of natural mixed 
glycosides supplied by Professor Goris gave rise to a product which formed needles, m. p. 178—180°, 
from methyl alcohol. A mixture of the two acetates melted at 176—178°. 


UNIVERSITY OF LIVERPOOL. [Received, January 22nd, 1948.] 
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452. The Chemistry of the Melanins. Part I. The Synthesis of 
5 : 6-Dihydroxyindole and Related Compounds. 


By R. J. S. BEER, KENNETH CLARKE, H. G. Knorana, and 
ALEXANDER ROBERTSON. 


As part of a comprehensive investigation of the chemistry of the melanins the synthesis of 
5 : 6-dihydroxyindole and its monomethyl ethers, and of 5 : 6-dihydroxy-2-methylindole, has 
been carried out. 5 : 6-Dihydroxyindole and its 2-methy]l derivative readily undergo oxidative 
polymerisation yielding melanins. 


From a survey of the literature on the constitution and mechanism of formation of the natural 
and synthetic melanins carried out before the initiation of experimental work now in progress 
on this subject in these laboratories, it became clear that 5 : 6-dihydroxyindole is of considerable 
interest as the unstable intermediate postulated by Raper (Biochem. J., 1927, 21, 89) in the 
tyrosinase-catalysed oxidation of tyrosine to melanin. In this reaction the presence of the 
indole was inferred from the fact that its dimethyl ether (Oxford and Raper, /J., 1927, 417) was 
isolated after a methylation process. The same dihydroxyindole was considered to be formed 
by the oxidative action of silver oxide on hydroxytyrosine (Raper, Biochem. J., 1930, 24, 
239) whilst under the same conditions methyl-2-3’ : 4’-dihydroxyphenylethylamine gave 
5 : 6-dihydroxy-l-methylindole. Burton (j., 1932, 546) attempted to isolate the latter 
compound from the oxidation mixture, but was unable to obtain crystalline material, nor was 
the acetate of his product crystalline (compare Bergel and Morrison, J., 1943, 48). 

A study of the oxidation of authentic 5 : 6-dihydroxyindole and of related compounds would 
be expected to throw light on the formation and structure of melanin, but hitherto workers have 
been restricted to the use of solutions of unknown concentration, containing considerable 
amounts of other substances. As a preliminary step in our investigations in this field we have 
therefore extended the method for the synthesis of hydroxyindoles recently developed in these 
laboratories (J., 1948, 1605) to the preparation of 5: 6-dihydroxyindole and of certain related 
indoles (compare Nature, 1948, 161, 525). 


HO’ \\cHo HO? \\CH(OH)CHR-NO, AcO \CHECR-NO, 
HO }No, HOL JNo, Aco NO, 
(I.) (IL.) (III.) 
Aco’ HOAs 
| CJ | #. 
Acol | JR HO) JR 
NH NH 
(IV.) (V.) 


According to Harley-Mason (Nature, 1947, 159, 338), nitroprotocatechuic aldehyde (I), the 
required starting material for the synthesis of (V, R = H), is not satisfactorily prepared by the 
demethylenation of 2-nitropiperonylidene diacetate with a mixture of acetic anhydride and nitric 
acid as described by Parijs (Rec. Trav. chim., 1930, 49, 36). We found, however, that reasonably 
good yields * of the required nitro-aldehyde (I) could be obtained under certain carefully 
standardised conditions (see p. 2224). The condensation of the aldehyde (I) and nitromethane 
was effected by means of alcoholic potash at 0° and, as in our previous work (loc. cit.), the 
resulting alcohol (II, R = H) was not purified but was converted directly into the diacetoxy- 
styrene (III, R = H) in very satisfactory yield by treatment with hot acetic anhydride and sodium 
acetate. Reduction of (III, R = H) with iron filings and acetic acid afforded the diacetozxy- 
indole (IV, R = H; 60%). Since this substance underwent very rapid oxidation in the presence 
of dilute aqueous alkalis, it seemed likely that the methanolic ammonia deacetylation process 
used in the synthesis of the much more stable monohydroxyindoles (loc. cit.) would fail unless 
oxygen could be rigorously excluded, and on this account we preferred to attempt the hydrolysis 
with aqueous-methanolic sodium hydroxide in the presence of a mild reducing agent, sodium 
hydrosulphite (dithionite). This process furnished a moderate yield of crystalline 
5 : 6-dihydroxyindole (V, R = H), which gives a positive Ehrlich and nitroprusside test, forms 
a red picrate, and shows the expected sensitivity to oxygen in faintly alkaline solution, e.g., in 

* Probably owing to an error in transcription the yield given in Parijs’s communication (loc. cit.) 


exceeds that theoretically possible, viz., 2-50 g. of nitroprotocatechuic aldehyde from 4-0 g. of 
nitropiperonylidene diacetate, the theoretical yield being 2-46 g. 








2224 Beer, Clarke, Khorana, and Robertson : 


aqueous sodium hydrogen carbonate and to a less extent in neutral aqueous solution (tap water). 
Solutions of the compound in dilute acetic acid and in non-aqueous solvents are reasonably 
stable, whilst the solid indole is surprisingly inert. Direct treatment of the alkaline 
deacetylation mixture with methyl sulphate yielded a crystalline ether, the properties and analysis 
of which are in agreement with those reported for 5 : 6-dimethoxyindole by Oxford and Raper 
loc. cit.).\ 

' whee nitromethane was replaced by nitroethane the same synthetic procedure, with minor 
modifications, afforded § : 2-dinitro-4 : 5-diacetoxy-B-methylstyrene (III, R = Me) which was 
converted into 5 : 6-diacetoxy-2-methylindole (IV, R = Me) and then into 5: 6-dihydroxy-2- 
methylindole (V, R= Me). In this case the initial condensation was less satisfactory and 
considerable amounts of unchanged nitro-aldehyde were recovered. The dihydroxy-2- 
methylindole, like 5: 6-dihydroxyindole, is markedly unstable in faintly alkaline aqueous 
solution, yielding a dark melanin-like product. 

The two monomethyl ethers of 5: 6-dihydroxyindole, (VI) and (VII), have also been 
synthesised by the same general method. Thus 6-acetoxy-5-methoxyindole was obtained from 
2-nitro-4-hydroxy-5-methoxybenzaldehyde by way of 8 : 2-dinitro-4-acetoxy-5-methoxystyrene, 
and on deacetylation furnished 6-hydroxy-5-methoxyindole (V1), whilst from 2-nitro-5-hydroxy- 
4-methoxybenzaldehyde, 5-hydroxy-6-methoxyindole (VII) was prepared by way of 
8 : 2-dinitro-5-acetoxy-4-methoxystyrene and of 5-acetoxy-6-methoxyindole. 

Meo’ ( 
HO MeO 
S H \ 
(VI.) (VII.) 


The deacetylation of the two acetoxy-indoles was effected both by treatment with methanolic 
ammonia and by the aqueous sodium hydroxide—hydrosulphite method, the latter procedure 
being definitely superior with 6-hydroxy-5-methoxyindole. Of the two monomethyl ethers, 
5-hydroxy-6-methoxyindole is fairly stable in faintly alkaline aqueous solution, whilst the 
isomeric 6-hydroxy-5-methoxyindole is relatively unstable, but even the latter compound does 
not undergo oxidative polymerisation with the speed exhibited by 5: 6-dihydroxyindole or its 
2-methyl derivative. Quantitative studies of the latter reaction will be undertaken later, but 
from our qualitative experiments it appears that the properties of 5 : 6-dihydroxyindole lend 
support to Raper’s view (/oc. cit.) that this compound is an intermediate in the formation of 
melanin from tyrosine by enzymatic oxidation. 


EXPERIMENTAL. 


2-Nitro-4 : 5-dihydroxybenzaldehyde (2-Nitroprotocatechuic Aldehyde) (I).—2-Nitropiperonylidene 
diacetate (Parijs, Joc. cit.) (4 g.) was added in small portions during 15 minutes to a mixture of acetic 
anhydride (20 ml.) and fuming nitric acid (20 ml.; d 1-50) which was kept at —12° to —15° and 
continually agitated. The resulting clear orange-red solution was slowly poured on crushed ice (800 g.) 
and after the temperature of the mixture had risen to 14° the pale yellow precipitate was collected. 
When this slightly sticky mass was washed with cold water * (ca. 10 ml.), transferred to a round-bottomed 
flask, and kept for a few minutes, a small quantity of a light orange liquid, containing nitric acid, 
separated. After this liquor had been decanted the product was heated on the steam-bath with 5% 
sulphuric acid (15 ml.) for 1 hour, and the resulting hot solution treated with charcoal and filtered. On 
being kept the cooled filtrate gradually deposited 2-nitro-4 : 5-dihydroxybenzaldehyde as a mass of 
pale orange, stout rectangular prisms, m. p. 203° (decomp.) (preheated bath). From 4 g. of nitro- 
Ppiperonylidene diacetate the yield of nitroaldehyde varied between 1-25 g. and 1-55 g. and a further 
quantity of the compound (ca. 0-3 g.) was obtained by extraction of the mother-liquor with ether. 

B : 2-Dinitro-4 : 5-diacetoxystyrene (III, R = H).—When potassium hydroxide (1-4 g.), dissolved in 
water (2 ml.) and 95% alcohol (20 ml.) at 0°, was added dropwise during $ hour to a manually agitated 
solution of 2-nitro-4": 5-dihydroxybenzaldehyde (2 g.) and nitromethane (1-2 g.) in 95% alcohol (20 ml.) 
maintained at 0° a red precipitate separated. This product became somewhat sticky towards the end 
of the reaction but on being triturated was converted into a granular powder. After having been kept 
at 0° for 16 hours the reaction mixture was diluted with ice-water, acidified with dilute hydrochloric acid 
at 0°, and extracted several times with ether. The combined ethereal extracts were washed three times 
with aqueous sodium hydrogen sulphite to remove unchanged aldehyde, dried, and evaporated, leaving a 
product which on occasion partially crystallised. When this material was gently warmed with acetic 
anhydride (5 ml.) and sodium acetate (1-5 g.) for 15 minutes, and the mixture treated with water (25 ml.), 
the dinitrodiacetoxystyrene (III) (2-6 g.) separated and was collected 1 hour later, and well washed with 
water. The diacetate, which had m. p. 128—132° (sintering at 124°) and was sufficiently pure to be 
used in the next stage of the synthesis, was recrystallised from aqueous alcohol, forming slender, 


* Thorough washing at this stage with ice-cold aqueous sodium hydrogen carbonate and then with 
cold water to remove traces of nitric acid decreased the yield of nitroaldehyde considerably. 
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elongated, pale orange needles, m. p. 133—134° (sintering at 130°) (Found: C, 46-2; H, 3-4. 

5 : 6-Dihydroxyindole (V).—When a mixture of the foregoing dinitrodiacetoxystyrene (2 g.), iron 
powder (10 g.), acetic acid (40 ml.), and absolute alcohol (50 ml.) was gently warmed, a vigorous reaction 
ensued and this was maintained for 11—12 minutes by occasional heating. The reaction mixture was 
filtered, the solid washed with small portions of hot alcohol, and the filtrate diluted with water, basified 
with solid sodium hydrogen carbonate, and extracted five times with ether. Evaporation of the 
combined dried extracts left a viscous gum which on being kept in a vacuum partially crystallised and 
was then purified by being extracted several times with hot light petroleum (b. p. 60—80°) containing 
20% of benzene., On being kept, the combined extracts deposited 5 : 6-diacetoxyindole (0-80 g.), 
m. p. 130—133° (sintering at 124°), and a further quantity (75—100 mg.) was obtained by concentration 
of the light petroleum filtrate. Recrystallised from benzene-light petroleum (b. p. 60—80°) (charcoal), 
this compound (1 g.) formed compact hemispherical clusters of prisms (0-82 g.), m. p. 134—136°, giving 
strongly positive reactions with the Ehrlich and the nitroprusside reagent (Found: C, 61-5; H, 4-9; 
N, 6:3. C,,H,,0,N requires C, 61-8; H, 4:7; N, 6-0%). 

A solution of 5 : 6-diacetoxyindole (0-2 g.) in methanol (5 ml.) at 0° was added to a mixture of 
sodium hydrosulphite (dithionite) (1 g.) in 10% aqueous sodium hydroxide (5 ml.) kept at 0°, the reaction 
vessel was closed, and the mixture was vigorously agitated until the purple colouration originally assumed 
by the solution had disappeared, and then kept at 0° for 15 minutes. After the addition of acetic 
acid (1 ml.) in water (7 ml.) the resulting pale yellow solution was diluted with water (50 ml.) and 
extracted several times with ether. The following operations were then carried out in an atmosphere of 
nitrogen. The combined extracts (ca. 50 ml.) were dried over sodium sulphate admixed with a little 
sodium hydrosulphite, and concentrated to about 4} of the original volume, and the residual liquor was 
mixed with light petroleum (b. p. 60—80°) (25 ml.) and further concentrated until a small amount of a 
reddish amorphous material was precipitated ; this solid was removed and the liquor was then evaporated 
until crystalline material began to separate. On being kept, the residue deposited 5 : 6-dihydvroxyindole 
(60 mg., 46% of theoretical yield), m. p. 137—-138°, which was collected without special precautions and 
on recrystallisation from benzene—light petroleum (b. p. 60—80°) formed glistening, colourless needles, 
m. p. 140° (decomp.) (Found: C, 64-7; H, 4:9; N, 9-4. C,H,O,N requires C, 64-4; H, 4-7; N, 9-4%). 
This compound, which is readily soluble in alcohol, ether, and acetone, appreciably soluble in warm 
benzene or cold water, and insoluble in light petroleum, gives a deep red colouration with Ehrlich’s 
reagent at room temperature and an intense green ferric reaction in alcohol. On the addition of a drop 
of aqueous sodium hydroxide an aqueous solution of the indole containing sodium nitroprusside rapidly 
assumes a dark brown colour which changes to a dirty green on the addition of dilute acetic acid. 
When stored in a tightly stoppered specimen tube 5 : 6-dihydroxyindole darkens perceptibly in about 14 
days, but on exposure to the atmosphere the surface of the crystals becomes dark in the course of 6—8 
hours. Solutions of the substance in benzene, ether, or dilute acetic acid are moderately stable, but in 
tap water a blue colouration appears in the course of a few minutes, whilst the addition of a trace of 
sodium hydrogen carbonate to an aqueous solution causes rapid oxidation to take place. In the latter 
case the initially colourless solution becomes violet, and then deep bluish-purple, and eventually a 
granular black melanin-like precipitate forms. 

5 : 6-Dimethoxyindole.—5 : 6-Diacetoxyindole (0-2 g.), was deacetylated in the foregoing manner, 
methyl sulphate (1 g.) was added to the alkaline solution, and the mixture was vigorously agitated in 
the absence of air for } hour, acidified with dilute acetic acid, and extracted with ether. The residue 
left on evaporation of the dried extracts was digested with boiling light petroleum (b. p. 60—80°), and 
on being concentrated, the extract deposited 5 : 6-dimethoxyindole in clusters of colourless slender 
needles, m. p. 142—146°, which on being sublimed in a vacuum at 100—110°/0-05 mm., afforded the 
pure compound, m. p. 154—155° unchanged on recrystallisation (Found: C, 67-6; H, 6-0. Calc. for 
C,9H,,0,N : C, 67-8; H, 6-2%). 

B : 2-Dinitro-4 : 5-diacetoxy-B-methylstyrene.—The condensation of 2-nitroprotocatechuic aldehyde 
(4 g.) with nitroethane (2-8 g.) was effected with potassium hydroxide (3 g.) in 95% alcohol at —10° by 
the method employed in the case of nitromethane. The mixture was then diluted with an equal volume 
of water, kept at 0° for 2 days, and thoroughly extracted with ether. Evaporation of the ethereal 
extracts left the desired product mixed with unchanged aldehyde. This mixture was treated with 
concentrated aqueous sodium hydrogen sulphite (approx. 50 ml.) for 1 hour, and the required nitro- 
alcohol isolated by extraction with ether and converted by means of warm acetic anhydride (5 ml.) 
and sodium acetate (2 g.) into B : 2-dinitro-4 : 5-diacetoxy-B-methylstyrene as in the case of the lower 
homologue. Triturated with a little cold 95% alcohol, this product was obtained as a colourless powder 
(1-8 g.) sufficiently pure for conversion into the indole. Crystallised from benzene-light petroleum 
(b. p. 60—80°), the dinitrostyrene formed fluffy aggregates of colourless slender needles, m. p. 119° 
(Found: C, 47-8; H, 3-6. C,,H,,O,N, requires C, 48-2; H, 3-7%). 

Unchanged aldehyde (1-3 g.) was recovered in the usual manner from the sodium hydrogen sulphite 
liquors which had been exhausted with ether. 

5 : 6-Dihydroxy-2-methylindole (V, R = Me).—Simultaneous reduction and cyclisation of the 
foregoing dinitrostyrene (1 g.) by the procedure employed for the lower homologue (III, R = H) gave 
5 : 6-diacetoxy-2-methylindole (IV, R = Me) (0-3 g.), which separated from benzene-light petroleum 
(b. p. 60—80°) (1 : 2) in compact clusters of colourless, short, stout needles, m. p. 134°, giving with cold 
Ehrlich reagent an intense red colouration tinged with blue (Found: C, 63-0; H, 5-2; N, 5-9. 
C,;H,,;0,N requires C, 63-2; H, 5-3; N, 5-7%). 

Deacetylation of the foregoing diacetate (0-2 g.) with aqueous sodium hydroxide containing sodium 
hydrosulphite according to the method employed for (IV, R = H) gave 5: 6-dihydroxy-2-methylindole 
(0-09 g.) which crystallised from benzene-light petroleum (b. p. 60—80°) in colourless blades, beginning 
to darken at 180° and becoming black at 200° when heated in a sealed melting-point tube (Found : 
C, 66-3; H, 5-4; N, 83. C,H,O,N requires C, 66-3; H, 5-5; N, 8-6%). This compound, which 
exhibits an Ehrlich reaction similar to that given by the diacetate, gives an olive-green colouration with 
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alcoholic ferric chloride, rapidly changing to brown. Like the parent 5 : 6-dihydroxyindole (V, R = H) 
the 2-methy] derivative readily oxidises in aqueous solution containing a little sodium hydrogen carbonate, 
forming a reddish-brown solution. In organic solvents, e.g., benzene, the substance gradually develops 
a pink colouration and appears to be somewhat less stable than (V, R = H). 

B : 2-Dinitro-4-acetoxy-5-methoxystyrene.—Powdered 6-nitrovanillin (Raiford and Stoesser, J. Amer. 
Chem. Soc., 1928, 50, 2559) (0-5 g.), suspended in alcohol (25 ml.), was condensed with nitromethane 
(0-2 g.) by means of potassium hydroxide (0-3 g.) in the course of 12 hours, and the product, 
isolated by the general method, was heated with acetic anhydride (2 ml.) and sodium acetate (1-5 g.) 
until the mixture boiled, and then on the steam-bath for 15 minutes. After the decomposition of the 
excess anhydride with water the dinitro-styrene was isolated, dried, and crystallised from alcohol, 
forming pale yellow prisms (0-32 g.), m. p. 188° (Found: N, 9-7. C,,H,,O,N, requires N, 9-9%). 

6-H ydroxy-5-methoxyindole.—On reduction and cyclisation by the standard procedure the foregoing 
dinitro-styrene (0-5 g.) was converted into 6-acetoxy-5-methoxyindole which was obtained as a brown 
glass. Extraction of the latter with boiling light petroleum (b. p. 80—100°) gave the pure substance, 
which separated from the cooled extract in colourless needles (190 mg.), m. p. 135° (Found: N, 7:1. 
C,,H,,0,N requires N, 6-8%). Deacetylation of this derivative (100 mg.) was effected by the methyl 
alcoholic-ammonia process (/., in the press), giving 6-hydroxy-5-methoxyindole, which formed flocculent 
needles (25 mg.), m. p. 111°, from light petroleum (b. p. 80—100°), having an intense reddish-violet 
ferric reaction in alcohol (Found : C, 66-4; H, 5-4; N, 8-5. C,H,O,N requires C, 66-3; H, 5-5; N, 8-6%). 
It was subsequently found that the sodium hydroxide—sodium hydrosulphite method of deacetylation 
gave a superior yield of the hydroxyindole (45 mg. from 100 mg. of acetate). A solution of this 
monomethy] ether in very dilute aqueous sodium hydrogen carbonate develops a purplish tint in about 
3 minutes which changes to deep purple in about 10 minutes, whereas in phosphate buffer solution at 
approximately pH 8 the indole slowly oxidises giving a dark precipitate. 

5-Hydroxy-6-methoxyindole-—From 6-nitroisovanillin (Pschorr, Ber., 1902, 85, 4396) B : 2-dinitro-5- 
acetoxy-4-methoxystyrene was prepared by the standard route (yield, 70% of theoretical) and on 
crystallisation from alcohol formed pale yellow plates, m. p. 162° (Found: N, 9-9. C,,H,,0,N, 
requires N, 9:9%). This substance was converted into 5-acetoxy-6-methoxyindole (yield, 63% of 
theoretical), which separated from light petroleum (b. p. 80—100°) in colourless glistening plates, 
m. p. 118° (Found: N, 6-8. C,,H,,0O,N requires N, 68%). Deacetylation of this derivative by the 
methyl-alcoholic ammonia process and by the aqueous sodium hydroxide—sodium hydrosulphite method 
gave the same yield (63% of theoretical) of 5-hydvoxy-6-methoxyindole, forming colourless needles, 
m. p. 113°, from light petroleum (b. p. 60—80°), which gave a brown ferric reaction in alcohol (Found : 
C, 66-3; H, 5-5; N, 8-3. C,H,O,N requires C, 66-3; H, 5-5; N, 8-6%). 

A solution of this indole in very dilute aqueous hydrogen carbonate assumes a very faint pink tint 
in the course of 35 minutes, but a phosphate buffer solution at about pH 8 is relatively stable, and does 
not become coloured within 3 hours. 


The authors are indebted to Messrs. Imperial Chemical Industries Limited for a grant in aid of this 
investigation. 
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453. The Thermal Decomposition of n-Hexane. 
By R. G. Partincton and C. J. DANnBy. 


The thermal decomposition of -hexane has been further investigated. 

On the basis of the hypothesis that the nitric oxide-inhibited reaction represents a molecular 
reaction, the relative probabilities for the initial rupture of the chain at various links are 
Cy. : Cog : Czy: : 3°9: 2-5: 1. When the C,_, break occurs the chances are more than 10: 1 
that ethane and butene-1 will be formed rather than ethylene and butane. 

The total analysis of the products is consistent with the measured rates of the primary and 
of various consecutive reactions. 


Various problems connected with the thermal decomposition of hydrocarbons must still be 
regarded as incompletely solved. Among them are the following: (a) the question whether 
the residual reaction measurable when the rate has been reduced to a limiting value by added 
nitric oxide represents a molecular reaction or some kind of chain reaction which persists in 
spite of the inhibitor, (b) the modes of breaking of the hydrocarbon chain in the primary process. 
It is proposed to subject these matters to some further experimental study. The present paper 
deals with n-hexane. 

Among previous studies on n-hexane are those of Dintzes and Frost (J. Gen. Chem. Russia, 
1933, 3, 747) made, however, before the chain mechanism had been established, and of Hobbs 
and Hinshelwood (Proc. Roy. Soc., 1938, A, 167, 447), which was of a summary character only, 
the behaviour of hexane being compared with that of several other hydrocarbons in respect of 
apparent chain length. The theoretical considerations of Kossiakoff and Rice (J. Amer. Chem. 
Soc., 1943, 65, 590) should be mentioned in this connexion, as also should a detailed experi- 
mental study by Steacie and Folkins on the decomposition of n-butane (Canadian J. Res., 
1940, 18B, 1). 
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EXPERIMENTAL. 


(i) Determination of Decomposition Rate——The hexane was decomposed in a silica bulb of about 
250 c.c. capacity maintained at a constant temperature in an electric furnace. It was connected to a 
capillary mercury manometer, to storage vessels for reactants, and to the usual system of a pte on me 
pumps. Temperatures were measured by a platinum-platinum-rhodium thermocouple and potentio- 
meter. To prevent condensation of hexane, the connecting tubes and manometer were wound with 
resistance wire and electrically heated. The reaction was followed by measurements of pressure change. 
The pressure-time readings were plotted, and the exact initial pressures and initial rates obtained from 
the graph by extrapolation and tangent-drawing respectively. 

(ii) Analysis of Reaction Products.—For the collection of samples of product the apparatus was 
provided with a Toepler pump by which the contents of the reaction vessel could rapidly be withdrawn. 
When the hexane in the reaction vessel had decomposed to a given extent, as indicated by the pressure 
change, the gases were removed for analysis. By combining the products from about 50 separate 
experiments some 2—3 c.c. of condensed material (including unchanged hexane) were obtained. 

The products from the decomposition of hexane may potentially contain all the straight-chain 
paraffin and olefin hydrocarbons having six carbon atoms or less, together with hydrogen. To 
out a complete analysis of such a mixture by low-temperature fractional distillation would be difficult 
and would require considerable quantities of material. Fractionation was therefore only employed to 
separate the mixture into a series of fractions having b. p.s separated by about 40°, each of which was 
then further investigated by other methods. 

The products withdrawn from the reaction bulb by means of the Toepler pump were passed through 
two traps cooled with liquid air. The uncondensed fraction (consisting of methane with a little hydrogen) 
was collected in an evacuated bulb of known volume. The total amount of this fraction was determined 
by measuring its temperature and pressure. A sample was then taken from it for analysis by means 
of a Bone and Wheeler apparatus, the hydrogen being determined by oxidation over copper oxide at 
275°, and the methane by combustion with excess of oxygen. The condensed fractions in the traps 
were combined and transferred by distillation to the still-pot of a glass low-temperature distillation 
apparatus. The column was of 8-mm. internal diameter and about 60 cm. long and was packed with 
rings of stainless-steel gauze. The reflux condenser consisted of a pointed copper rod which was passed 
into the upper part of the column through a rubber joint and was cooled by the introduction of liquid 
air, solid carbon dioxide and acetone, or freezing mixtures into a lagged metal cup soldered to its upper 
end. The temperature of the rod was measured by means of a copper—constantan thermocouple soldered 
to it. The whole column was contained inside a glass jacket which was continuously evacuated. The 
column was provided with a manometer, and distillations were carried out at atmospheric pressure. 

The reflux condenser was first cooled with liquid air and the column operated under total reflux 
until the packing was thoroughly wetted, the still-pot being warmed, as required , by a small electric 
heater. 

The temperature of the reflux condenser was then raised and three fractions were taken off success- 
ively. These were: ethylene and ethane (b. p.s —104° and —89°), propylene and propane (b. p.s 
—48° and —42°) and butene-l and butane (b. p.s —6° and —1°). e fractions were collected in a 
trap cooled in liquid air and were distilled into te bulbs of known volume, where their temperature 
and pressure were measured. Samples were taken from each fraction, and the ratio of saturated to 
unsaturated hydrocarbon determined in the Bone and Wheeler apparatus. (Concentrated sulphuric 
acid containing silver sulphate was used as an absorbent for ethylene, 87% sulphuric acid for the higher 
olefins.) The residue in the still-pot (consisting of unchanged hexane together with traces of C, and C, 
hydrocarbons which had not been separated) was distilled into a weighed tube closed by a tap and its 
amount determined by direct weighing. This fraction was analysed by adsorption on a charcoal column 
and fractional desorption with amyl acetate vapour by a mg derived from that of Claesson (Arkiv 
Kemi Min. Geol., 1942, 15, A, 1; The Svedberg Mem. Vol., 1942, p. 82). This analysis was carried out 
by Mr. C. S. G. Phillips, who is engaged upon a general study of the method. From a knowledge of the 
total amount and composition of each fraction the complete analysis of the product was calculated. 

Considerable modifications in the distillation apparatus and technique were made as the result of 
trial analyses. A series of experiments was also made with synthetic mixtures, from the results of which 
a correction could be made for the fact that under the standard conditions used the unsaturated hydro- 
carbon in a saturated—unsaturated mixture was incompletely adsorbed by the reagent. With the method 
finally adopted the figures below were found in a trial analysis on a 5-component mixture of known 
composition. 


C.c. taken. C.c. found. C.c. taken. C.c. found. 
Ethylene ..............0006 15 14 Butene-l ..........000e000 27 27 
DEE §iacacateadvenanaer 17 17 BIE" sdacdsccdecscsbeus 14 14 
PEPER ..cccccccccccccees 27 28 


Experimental Results.—Influence of nitric oxide. An investigation was made of the dependence of 
the initial rate of decomposition on the pressure of added nitric oxide. With 95 mm. of n-hexane at 
570° the initial rate fell to a steady limit reached with about 12 mm. of nitric oxide. The ratio of the 
rate of decomposition in the absence of nitric oxide to the limiting rate was 1-75 (Table I). 

TaBLeE I. 
Influence of nitric oxide. 
95 Mm. of n-hexane; 570°. 


Pressure of NO (mm.) ......... 0 2-0 3-9 5-0 9-3 11-5 16-0 20-0 
Initial rate (mm. /min.) ......... 31-8 29-8 23-3 24-0 23-1 18-3 18-2 18-1 
Initial rate (relative) ........ soe «= 200 0-94 0-73 0-75 0-73 0-58 0-57 0-57 


75 








2228 Partington and Danby : 


Taste II. 
Influence of hexane pressure. 


No nitric oxide present; 535°. 
Initial press. of hexane 


Shiesecmeteneeeese 3-4 250 340 460 9 


wy , 7-2 4-0 1083 115 144 171 
Initial rate (mm./min.) 0-08 0-3 2-1 2-9 5-8 9-1 


11-3 13-7 16-5 22 


15 Mm. of nitric oxide; 536°. 
Initial press. of hexane (mm.) 165-5 20-0 33 48-5 60 133 151 184 
Initial rate (mm./min.) ......... 0-18 0-22 0-39 0-62 1-0 3-2 3-8 6-8 


Influence of initial pressure of n-hexane. The influence of the initial pressure on the initial rate of 
decomposition, both without nitric oxide and with 15 mm., is shown in Table II. A logarithmic plot 
revealed that in the absence of nitric oxide the initial rate was directly proportional to the initial pressure 
over the range 30—180 mm. Below 20 mm., however, the first-order rate constant falls off. With 
15 mm. of nitric oxide the initial rate varied with (initial pressure of n-hexane)". 


























100 T T T an 
75 
8 
S 50 
g 
a e s 
25 © 
cee © © 
e e 
0 | ! 
0 0-5 10 ° 
Ap/P,- 
O = Saturated hydrocarbons. 
@ = Ethylene. 


@ = Higher olefins. 
The rate constants are expressed by the relations 


“= (332), o 100mm, SF apac 


Influence of temperature on the initial rate of decomposition. Measurements were made, with and 
without nitric oxide, of the initial rate of decomposition over the temperature range 500—620°. At 
each temperature measurements were made at three different initial pressures (50, 100, and 150 mm.). 
The results are shown in Table III. From the graph of In (k x 10%) against 10/7, it was found that 
for the decomposition of n-hexane in the absence of nitric oxide : 


In k = 33-4 — (56-8 x 10%)/RT 
and for the decomposition in the presence of 15 mm. of nitric oxide: 
In k = 42-9 — (74:0 x 108)/RT 

kis in min.“, R in g.-cals./mol./°c. 

Analysis of Products—A survey was first made of the way in which the ratio of ethylene to higher 
olefins (propylene + butene) in the products varied with the extent of the decomposition and with the 
temperature. For these analyses the gases from the reaction vessel were withdrawn through a trap 
cooled to 0° into vessels from which they could be transferred to the Bone and Wheeler apparatus. The 
results are shown in the figure. Although not of great accuracy, they showed that the composition of 
the products taken when Ap/p, = 0-5 would approximate to the composition at zero decomposition. 
Moreover, the composition of the products was not seriously affected by temperature or by the addition 
of the nitric oxide. 

Four separate analyses were made of the products from the decomposition of 200 mm. of n-hexane 
in the presence of 10 mm. of nitric oxide at 530°, the combined material from about 50 runs with 
Ap/p, = 0-5 being taken in each case. The results are shown in Table IV. 


where vg = ( 





> J) fA 
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TaBLeE III. 
Influence of temperature. 


Series 1. 
Ng Bs dnisissacidecnencndivasierics 502 515-5 554-5 579-5 603-5 618-5 
k x or it “1) at 100 mm. initial 
pressure : 

| ree 32 52 260 830 1960 2400 

With 16 mim. NO  ...icccccccacscses 2-6 10-0 135 460 1300 1840 
Series 3. 
Ts hs: -centdicincietssedensnesininans 512 534 535-5 571-0 588 
k x 108 I -) with 15 mm. NO ll 25 23 290 650 

TABLE IV. 
Uncorrected analyses (% by vol.). 
Mean. 

SEED ‘acswcdensnedensuvedciaumbintedneninn 51-6 49-7 39-5 40-6 45-4 
ED ssensossnconsenssinaniocenavoseesous 0-9 0-5 0:3 0-6 0-6 
S-  siccscidesoksemeaeniinsveiaaniaons 2-4 2-4 6-4 3-2 3-6 
ED §—-_sxacscensnnsenetinidedoanbiaweses 18 1-7 18 1-5 1-7 
DD dstasnswsvecanaseiomiideehansens 5-6 11-9 14-2 13-3 11-2 
ee seen 8-2 5-4 6-6 10-9 7:8 
DIOR cnnpancicaveseteentangnesnntemanee 14-0 13-5 19-0 15-7 15-5 
SINEE: crdinsnccheniocnianinadamiiadueeses -- ms (11-1) 13-2 13-2 
BEY Siexnidsevicndacswieassastscesees ; — _ 0-7 0-9 0-9 
Methane + hydrogen ............s0000 15-5 14-9 11-8 14-1 14-1 


During the distillation it was difficult to judge when all the C, fraction had come off. The residue 


— a analysed by the fractional desorption method referred to above. Mr. Phillips’s results were 
as follows : 


Residue contained: 
C, compounds ......... 89-3% of total C, compounds ...... 2-1% C, compounds ......... 86%. 


When account is taken of these results and the superior accuracy of the third and fourth fractionations 
allowed for, the figures for the composition of the products are as follows : 


Component. % by vol. Component. % by vol. 
BONEN. i inceedisicsisscesscschessenbivedbe 39-7 DOOTIIRD bss. ccdscccsiccedsccscesseessese 12-2 
ENED ncorvecnecevencosusensconnesancooces 1-0 TEURBBG  ccisesedecsicicacccccsccccsecconsoses 7:8 
MEPERD  ceccenmsevecnsecdondnappeneseospouse 0-6 FECTED: scccccccsvsccccecesccssvescescees 15-5 
TEED . cunsunncenauasandesguangeopepesuess 7-4 BEND accccvvescnccescossvenvecesseoesoes 13-2 
PUNE h0c0s0iscenencobvevendenionssuananie 1-7 TEGO ccc cccscnascssceccecsencscocsoses 0-9 
100-0 





In making the correction the C, fraction found in the desorption experiment was taken to be butene, 
since the proportion of butane in the main fraction was extremely small. The C, fraction was taken to 
be pentene, pentane being very unlikely on chemical grounds. 


DISCUSSION. 


The inhibition by nitric oxide of the decomposition of m-hexane indicates that free radicals 
play a part in the mechanism of the reaction. The value of 1°75 obtained for the mean chain 
length at 570°, and for an initial pressure of 95 mm., is in fair agreement with other values 
obtained by Hobbs and Hinshelwood. 

Mean chain length and temperature. The values obtained in this investigation for the energy 
of activation of the decomposition at 100 mm. initial pressure were : 


for the normal decomposition, 58°8 kcals./mol. 
for the inhibited reaction, 74°0 kcals. /mol. 


The fact that these differ means that the mean chain length is dependent on temperature, the 
values showing that it increases as the temperature falls. This general effect (the dependence 
of mean chain length on temperature) has been discussed by Staveley and Hinshelwood (/., 
1937, 1568). The uninhibited n-hexane decomposition is approximately of the first order. 

The observation that the rate of the fully inhibited reaction varies. approximately as 
(Phexane)!*—which is in agreement with the finding of Hobbs and Hinshelwood—is a result 
which must be explained. There is no evidence that the 1°5 power law is valid over a wide 
range, and it may merely be an approximation for the transition from the first order to second 
order with falling pressure which would be observed if the residual reaction were unimolecular 
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and if the chains were all suppressed. On the other hand, a tentative suggestion was considered 
by Hobbs and Hinshelwood, namely, that the residual inhibited reaction could itself depend on a 
special type of chain reaction with carriers immune to the attack of nitric oxide. Steacie and 
his associates have, in fact, found that the decomposition of -butane (which is theoretically 
very similar to that of n-hexane) could be initiated at low temperatures by free radicals from 
ethylene oxide, and that the sensitization persisted in the presence of large amounts of nitric 
oxide, showing that in this case the fully inhibited decomposition did not correspond to the 
complete suppression of chains. , 

Analytical results. In discussing the analytical results we shall, however, assume in the 
first instance that the steady rate attained in presence of the nitric oxide represents a reaction 
at least sufficiently free from chains to afford information about the primary positions of breaking 
of the hexane molecule. According to what was said above, the first step in the decomposition 
will be the rupture of one of the C-C bonds, leading to a rearrangement to a saturated and an 
unsaturated hydrocarbon. It was found by infra-red absorption of product samples that all 
the unsaturated hydrocarbons present had terminal double bonds, so there remain the following 
possible modes of rupture of the hexane molecule : 


Cc methane + 
---|--- ——— > {G=c-—c—c—c amylene 
a oe + 
C=C utene-1 
---|--- __ C=C ' ethylene + 
Cc—C—C—C butane 
c=c—C Propylene + 
---|--- —_—> (eno propane 


Preliminary measurements, including infra-red absorption, showed that the initial products 
contained ethylene, propylene, and butene-1, and that the proportions at the stage where 
Ap|p, = 0°5 approximate to those at zero decomposition. They showed, moreover, that the 
formation of these three unsaturated hydrocarbons was in a large measure by simultaneous 
rather than by consecutive reactions. 

In order, however, to be able to interpret the full analyses in more detail, auxiliary measure- 
ments were made of the rates of decomposition of the various product species. The results 
are given in Table V. 


TABLE V. 
Relative reaction rates of possible subsequent decompositions (approximate). 
k X 104 (min.~) for fully Apparent order of reaction 
inhibited reaction. over (limited) range studied. 
RD cancvacntevaracecssdbowbaseueyeeiasenee 6 os 
PYOPONE .....ccccccccscccccccscecescescocecooes 24 1-5 
BEIND,. ce ciccinsencccssvoccscecssovensascesece 180 1-5 
MND. nsvccccnnvenecectsccceseorenessecsseess 240 cer 1-4 
BNIND cocccccsevenccescesecesevsnosoenosavecs (5) (polymerisation) — 
PHOPyleNe § ...ccecccccccccccccescecvccsccccccss 18 1-6 
PIED snccnseccdnccesetscancaneesessessnscees 210 1-5 
es IE: ncccehdncesetssccemsnnsciasnntons 250 1-4 


Unfortunately, no pentene-1 was available, but from the results for propylene and butene-1 
it is reasonable to assume that the value for & would be of the order of 10 times that for n-hexane ; 
it was also assumed for the purposes of calculation that the decomposition of all these substances 
was of the order 1°5. ° 


Neglecting the small amount of hydrogen, we may now consider the following scheme : 
methane + pentene-l1 -——> ethylene + propylene 


@) 
t (2) we + butene-l1 —> 2 ethylene 
| . ethylene + butane -——> products 
(3) 


propane + propylene 











ow! at ost 
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From the results in Table V it may be taken that during the time of the experiment the 
methane, ethane, ethylene, propane, and propylene did not undergo further change. The 
butene-1 and pentene-1 undoubtedly undergo some further decomposition. The case of 
butane is doubtful. A very rough estimate of the amount of decomposition undergone by the 
butane may be obtained as follows : 


Initial pressure of m-hexane .............++ 200 mm. 
Final pressure of mixture ...............005 300 mm. 
% Hexane in final mixture ............... 40 (by analysis) 
. Pressure Of hexane .........cccccccccccccseces 120 mm. 
*, Amount of hexane decomposed ............ 80 mm. 
4 x 06 





Now the average pressure of butane was x 300 = 0-9 mm. 


100 
If the average pressure had been 200 mm., the amount decomposed would have been approxi- 
mately 80,x 180/250. Thus the actual amount of decomposition would be of the order 


180 ( 0°9 


15 
oa ——=p = 0 * 0 . 
80 x 5 500) 0°016 or <0-01% 


It can therefore be assumed that the butane does not decompose appreciably during the 
experiment. 

The decomposition of the pentene-1 is very important and very nearly keeps pace with the 
formation, so that the ethylene and propylene into which it breaks down count practically, 
from the analytical point of view, as primary products. The amount of pentene-1, had there 
been no decomposition, should have been equivalent to the amount of methane, i.¢., 13°2%. 
But the amount found was 1°0%. Thus the amount decomposed = 13°2 — 1°0 = 122%. 
This should also be given by (propylene found — propylene equivalent to propane) = 12°2 — 
1°7 = 10°5%. 

According to the rate measurements, the amount of butene-1 which decomposes should be 
approximately : 

80 x 210 3°7 
250 (a6 
Thus the butene-1 analysis should give about 7°4 + 0°1 = 7°5, which agrees fairly closely with 
the value of 7°8 found for ethane. 

The ethylene present should be the sum of the following: 0°6 from that equivalent to the 
butane, 0-2 from the decomposition of butene-1, and 12°2 from the decomposition of pentene-1, 
i.e., 13°0. The propylene should equal 12°2 from the pentene + 1-7 from that equivalent to the 
propane = 13°9. This scheme, with the observed reaction rates of these, leads to the analytical 
figures shown in the upper row of figures in the following table, whereas the lower row gives the 


1's 
) = 017 or 006%. 


CH,. C,Hg. C,H 8° C,H 10° C,H,. C,H 6 C,H 8 C,H 10° 
13-2 7:8 1-7 0-6 13-0 13-9 7-4 1-0 
13-2 7:8 1-7 0-6 “165 12-2 7-4 1-0 


observed figures, which are in fairagreement. On this basis, the primary products would appear 
to be as follows : 











_, methane pentene-1 
43 13-2 13-2 
ethane butene-1 
7:8 78 pay 
hexane ————> ethylene buttine total ethane + butane = 8-4 
0-6 0-6 
_, propane propylene 
a 1-7 1-7 


The chances of the hexane molecule breaking in positions (1), (2), and (3) would thus appear 
to be in the ratio 13°2 : 8-4: 2 x 1°7, or 3°9: 2°5: 1, the figure relating to position (3) being 
c—C—C—C—C—C 
AA A 
(1) (2) (3) 
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doubled to allow for the fact that reactions at positions (1) and (2) have each two chances to 
contribute to the products. When the chain breaks in position (2) the chances are more than 
10 : 1 that ethane and butene-1 will be formed rather than ethylene and butane. 

Further comment and discussion is reserved until further experimental studies have been 
completed. 


This work forms part of the programme of the Fuel Research Board of the Department of Scientific 
and Industrial Research, and this paper is published by permission of the Department. 
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454. The Propagation of Reaction Chains in the Polymerisation 
of Styrene. 


By J. W. Menary, A. R. UBBELOHDE, and M. J. WRIGHT. 


Styrene has been polymerised in the presence of oxygen, nitrogen, hydrogen, and mixtures of 
oxygen with nitrogen and oxygen with hydrogen severally. By using special apparatus, the 
progressive viscosity and density changes resulting from polymerisation could be measured on 
the same sample without unsealing the reaction vessel. 

A simple mathematical treatment is proposed, which combines the viscosity and density 
measurements, to give a measure of the molecular weight of the polymer being formed during 
the reaction. This molecular weight decreases in a characteristic way with increasing partial 
pressure of oxygen. No significant difference could be detected between the action of hydrogen 
and nitrogen, when pure. When acting as a diluent for the oxygen, some evidence was 
obtained that the hydrogen takes part in the chemistry of the polymerisation. 

Calculated molecular weights are used to follow the propagation of reaction chains in the 
polymerisation of styrene. The effect of the partial pressure of oxygen is tentatively interpreted 
by a mechanism in which oxygen acts as a chain breaker, as well as initiating chains through the 
formation of peroxides. 


OXYGEN appears to act sometimes as a promoter and sometimes as an inhibitor in addition 
polymerisation. The mechanism of promoter action is almost certainly related to peroxide 
formation. The inhibiting action has been explained by Barnes (J. Amer. Chem. Soc., 1945, 
67, 217) as being due to preferential reaction of carriers in the reaction chain, with oxygen rather 
than with further molecules of monomer. The general effect observed is an initial induction 
period, followed by polymerisation catalysed by the vinyl peroxide formed during the induction 
period. 

So far as is known, nitrogen molecules have no specific effect on the course of the 
polymerisation reaction. To investigate this more fully, comparative experiments were carried 
out in which the nitrogen was replaced by hydrogen. If energy transfer plays an important 
part in the propagation of the reaction chains, hydrogen might be expected to behave differently 
from nitrogen. Hydrogen has been shown to be about as effective in causing the activation of 
organic molecules in unimolecular decompositions as the organic molecules themselves (cf. 
Oldenberg and Frost, Chem. Reviews, 1937, 20, 99) and would probably facilitate the degradation of 
vibrational energy in colliding with an activated reaction product. However, no evidence for 
any specific difference between pure nitrogen and pure hydrogen could be obtained, at least under 
the conditions of the experiments described below. When the hydrogen is used as a diluent for 
the oxygen, there is some evidence that, unlike nitrogen, it takes part in the chemical reactions. 

The reaction was studied by measuring both density and relative viscosity of the styrene 
during polymerisation. Relative viscosity has often been used as a measure of the extent of 
polymerisation, on the basis of the Arrhenius equation log y, = kc, where », is the relative 
viscosity, and c is the concentration of polymer dissolved in the monomer (e.g., Foord, J., 1940, 
48). However, the constant k depends on the molecular weight and degree of branching of the 
polymer in solution. If these factors alter in the course of polymerisation, the use of 
the Arrhenius equation by itself would give misleading information. A more general 
relationship between viscosity and concentration is the Mark equation, KM* = [y] & (In »,)/c, 
where [y] = Lt (In »,)/c is the intrinsic viscosity, M the molecular weight of the polymer, and K 

c>0 


and « are constants which depend to some extent on the degree of branching of the polymer 
molecules. 

This relationship may be combined with density measurements as follows. Both experiment 
and theory indicate that the mass of polymer formed controls density changes, which do not 





—————————— 
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appear to be influenced to any great extent by the molecular weight or degree of branching of the 
polymer molecules. 

Starkweather and Taylor (J. Amer. Chem. Soc., 1930, 52, 4708) showed that for vinyl acetate 
the extent of polymerisation is proportional to the volume contraction per cent., or to the 
increase in density divided by density, for 


Volume contraction, % = (p, — p9)/p, = Ap/p; 


where p, = the density of monomer, p, = density of partly polymerised monomer in time #, and 
Ap = increase in density. For a small change in density Ap/p, ~ Ap/p9, so that in the initial 
stages of polymerisation the increase in density should measure the extent of reaction. Giguére 
(J. Polymer Chem., 1947, 2, 296) has shown this to be true up to 25% conversion by preparing 
solutions of polystyrene in monomer and measuring their density. 

We may derive this theoretically : Let the volume of a styrene molecule be V c.c., its mass 
m g., and the initial number of molecules N; then initial density p, = m/V. Suppose that after 
time ¢, m new chemical bonds are formed by the polymerisation reaction. If the contraction in 
volume (v) per bond formed is constant and does not depend on the way the monomer units are 
joined together in the polymer molecule (i.e., neglecting corrections for branching, etc.; cf. the 
general evidence of the parachor, Sugden, ‘‘ Parachor and Valency”’, 1930, p. 33), then 


Volume contraction at time t = nv C.c. 
Density at time ¢ ep, = Nm/(NV — nv) 
nu 
= pol ( = =) 
Therefore n = NVAp/ve 
Weight of polymer formed = nm g. 
Concentration of polymer c= nm/(NV — nv) 


= mAp/pgv = kAp g./c.c. 


which is the relation observed by Giguére, and by Starkweather and Taylor. 
Combining this with Mark’s relationship we have 


(log y,)/Ap = K’M* = “ Structure function ” 


where K’ is a constant and the other symbols are as before. Simultaneous measurement of 
viscosity and density during polymerisation permits evaluation of the ‘‘ Structure function ”’ 
(log n,)/Ap. From its variation can be seen how far the molecular weight and structure of the 
polymer alter during the course of the polymerisation. 

The results of various polymerisation experiments are recorded in Figs. 1—4. Important 
features of these results are now discussed. 

(i) Three experiments under pure nitrogen and two under pure hydrogen (Figs. 1a, 2a, 3a), 
showed that the behaviour of these two gases is similar, so far as the present experiments go. 
It will be seen that the curves obtained for one of the experiments in the presence of nitrogen lie 
well below those obtained for the other experiments with nitrogen or hydrogen present (Figs. 
la, 2a, and 3a). In this case there was evidence that the course of the reaction was substantially 
different since the styrene became opalescent when the polymerisation vessel was being sealed 
off. This experiment has not been included in the average below. 

Both Ap and log »n, increase linearly with time and the average slope for all the experiments 
was 

(¢ in minutes) 
d(log n,) /dt = 0°00205 + 0-00009 
d(Ap)/d¢ = (3°40+ 0°12) x 10° 


On the other hand, the log y, curve for polymerisation under oxygen (Fig. 14) indicates a 
considerable induction period, whereas the Ap-¢ curve indicates hardly any induction period 
(Fig. 2a). As explained above, this is because, in addition to increasing the number of chemical 
bonds, as shown by Ap, the course of polymerisation involves changes of molecular weight and 
structure of the polymer. Viscosity is much more sensitive to these changes than is density. 

(ii) Various mixtures of oxygen with nitrogen give curves lying between those obtained for 
the pure gases (Figs. 18, 2B, 3B). So far as could be ascertained from a single series of 
experiments, hydrogen and nitrogen do not behave in the same way in the presence of oxygen. 
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Fic. 1a, 
Viscosity increase with time for polymerisation in the presence of pure nitrogen, pure hydrogen, 
and pure oxygen. 
1-5 
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Fic. 1s. 
Viscosity increase with time for polymerisation in the presence of mixtures of oxygen with nitrogen. 
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The difference is shown in Figs. 28 and 3B. The values of log n, are not plotted in this case, to 

avoid confusing Fig. 1B, but these can be obtained from Figs. 28 and 3B by taking the ratios. 
Some oxygen is consumed during the polymerisation, since on opening the viscometer at the 

completion of experiments with oxygen present there was an inrush of air, particularly noticeable 
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Fic. 2a. 
Density increase with time for polymerisation in the presence of pure nitrogen, pure hydrogen, 
and pure oxygen. 
750¢r 
aN 
© @ ® N2; 
0 8 Ap; 
4 02. 
0 i i — 
0 250 ‘ 500 750 
Time (minutes). 
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Density increase with time for polymerisation in the presence of mixtures of oxygen with nitrogen, 
and oxygen with hydrogen. 


Nitrogen mixtures: 
© 25%0,; @24%02; © 48%02; 
061% 02; m72%0r; 
Broken curve calculated for 7% 02. 
Hydrogen mixture: &7%02. 
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Fic. 3a. 
Comparison between the effect of pure nitrogen and pure hydrogen on the structure function. 
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The effect of partial pressure of oxygen on the structure function. 
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in experiments where more than 24% oxygen was used. This indicates consumption of oxygen 
during the reaction, which is to be expected if peroxides are formed. 

Fig. 3 shows the plot of (log »,)/Ap against time. So far as this ‘‘ Structure function ”’ 
measures the molecular weight of the polymer being formed, it appears that the molecular 
weight increases from zero to an asymptotic limit (Fig. 3B) provided that the atmosphere contains 
48%, oxygen or more. With less than this amount of oxygen present the molecular weight is 
higher (cf. also Fig. 3a). For each concentration of oxygen the limiting molecular weight is 
more or less constant. Plotting the partial pressure of oxygen against the average value of the 
limiting molecular weight gives a smooth curve (Fig. 4) falling steeply at low partial pressures of 
oxygen and flattening out at higher partial pressures. 

Discussion.—Polymerisation in the presence of oxygen. A curve of this type (Fig. 4) may be 
interpreted by the following mechanism: Let M represent a monomer molecule, P an inactive 
polymer molecule, and A’ and R’ active growing polymer molecules. These can each have a 
molecular weight varying with time, but otherwise differ from one another merely in their 
origin. Then we may have the following series of reactions : 


k 
Initiation. (l) M+M —-> A’ (thermal activation) 
k 
(2) AO, —> R’ (activation of peroxide to start chains) 


k 
(3) A’ +M—>A’ 
Propagation. { hs 
(4) R’+M—>R’ 


(5) (A’ or R’) + (A’ or rig — >? 
Cessation. { 
(6) (A’ or R’)) +0, aa AO, 

Active centres are formed e*ther thermally or from the decomposition of peroxides according 
to equations (1) and (2). Owing to the preferential reaction of the active centres with oxygen 
[reaction (6)] little or no polymer will be formed until the concentration of dissolved oxygen has 
fallen to a low value. The concentration of the peroxide will therefore increase until 
substantially all the oxygen has been combined. The molecular weight of the polymer will then 
start to increase rapidly as the second cessation reaction will then become relatively unimportant. 
In the above experiments the volume of styrene and the volume of the gaseous atmosphere were 
kept approximately constant so the ultimate concentration of peroxide formed may be taken as 
proportional to the initial partial pressure of oxygen in the polymerisation vessel. On the basis 
of this assumption the limiting value 


Ces te a a ae ee ee ee ee |) 

Other workers have shown that the concentration of peroxide catalysts remains sensibly 
constant during polymerisation owing to their slow unimolecular decomposition. A steady 
state is reached when (A’ and R’ being treated as kinetically equivalent) 

Rate of initiation = rate of cessation 

ho [M)]* + ka Kpo, mRIAT® 2. st ew ele le le CL 
i.e., only reactions (1), (2), and (5) are taken into account in the steady state. 
Rate of propagation (9) 

Rate of cessation Chad Marek Pe Sage 

_ AfATIM) _ *M) 
RelA}? Re [A] 





Chain length = 





Substituting from equation (8), we have 
RK, 
chain length = ky[M]//’,,(4q,{M]* + ha,Kpo,) = Vit Ee 


The chain length, i.e., the average molecular weight once a steady state has set in, should 
thus behave as is actually observed in Fig. 4, in which the limiting molecular weight is controlled 
by the initial partial pressure of oxygen used. 
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Effect of hydrogen in the presence of oxygen. The data so far available require further 
experimental substantiation before a definite interpretation can be given. However, the 
possibility of interference with the normal polymerisation chains, by processes involving the 
chemical interaction of hydrogen such as AO, + H,——> A°O°OH + H, is of considerable 
interest, and should be kept in mind in other experiments on polymerisation. Such a possibility 
of chemical interaction with the radicals in solution is not necessarily limited to hydrogen. For 
example, hydrocarbons such as ethylene can be considered from this standpoint. 

By controlling the temperature and partial pressure of oxygen used, the average molecular 
weight of the product may likewise be controlled, as is shown by Fig. 4. 

The general rise of molecular weight with time when the partial pressure of oxygen exceeds 
about 24% (Fig. 38) also agrees with the simple mechanism outlined. However, when the 


Fie. 5. 
Densitometer-viscometer in position for 


viscosity measurement. 
Fie. 4. de 


The effect of partial pressure of oxygen on the 
limiting value of the structure "Fomation. 
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partial pressure of oxygen is less than about 24%, the course of polymerisation, at the 
temperature used, is more erratic, and high initial molecular weights are frequently found. 
These high initial molecular weights appear to be due to the absence of reaction (6) which 
suppresses polymer molecular weight in the early stages, when sufficient oxygen is present. In 
the absence of this reaction, the polymer molecules grow until they interfere with one another. 
But the reproducibility of the growth process is poor, as might be expected from the fact that 
chain stopping and chain starting depend on chance impurities. 

An independent check on the above conclusions was obtained as follows. In some 
experiments the polymer formed was precipitated from benzene solution by the dropwise 
addition of excess of methylated spirits (Foord, loc. cit.). The polymer was filtered off and dried. 
An approximate value of the intrinsic viscosity was obtained by measuring the relative viscosity 
of solutions of the polymer in toluene (0°1—0°2%). The following results were obtained : 

Gas present during polymerisation. [7]. Gas present during polymerisation. [n]. 
61% O, in N, 1-13 48% O, in N, 1-52 
Pure H, 2-66 
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These results confirm the general trend towards increased molecular weight as the partial 
pressure of oxygen decreases. 


EXPERIMENTAL. 


Nitrogen.—Nitrogen as supplied by the British Oxygen Co. contained 1—2% of oxygen as the chief 
impurity. This was removed by the method employed by Mackle and Ubbelohde (this vol., p. 1161). 

Oxygen.—The oxygen was also supplied by this firm, and was used without further purification. 

Hydrogen.—Hydrogen was generated by electrolysis of a saturated solution of ium hydroxide, 
nickel electrodes being used. Purification was accomplished by passing the gas through two successive 
tubes packed with platinised asbestos electrically heated to 600°. The first tube served to remove 
traces of catalytic poisons which may have been present, and both tubes caused any adventitious oxygen 
to be oxidised to water. The purified hydrogen was dried by passing through concentrated sulphuric 
acid. Any sulphuric acid spray was removed by diffusion through potassium hydroxide pellets and 
chemically pure glass-wool. 

Styrene.—On receipt, this contained quinol as inhibitor, together with an undetermined amount of 
phenylacetylene, a common impurity in commercial —— The scheme used for purification was 
essentially that of Price and Adams (J. Amer. Chem. Soc., 1945, 67, 1674). Quinol was removed by 
successive shaking with 10% sodium hydroxide solution. By stirring vigorously with Nessler’s reagent 
(Johnson and McEwen, ibid., 1926, 48, 469) the phenylacetylene was removed. The product was allowed 
to stand over calcium chloride, and before use the styrene was fractionated from potassium hydroxide 

liets under pure nitrogen at reduced pressure. The middle fraction was collected and redistilled as 
es the fraction coming over at 45—46°/20 mm. being accepted as pure styrene. 

The Viscometer-Densitometer.—Densities were measured by a magnetic balance method, the buoyancy 
force on a small glass float being counterbalanced by the magnetic force on a small piece of iron sealed 
into the float. Relative viscosities were obtained from the density of the liquid and the time of rise of 
the float between two marks on the viscometer tube. Since density and viscosity measurements do not 
appear to have been made simultaneously on a polymerising system, the method will be given in some 
detail. 

Construction of the Apparatus.—The float. Pyrex tubing was drawn out to give a uniform capillary of 
about 2 mm. bore, and into this capillary was inserted a thin strip of “‘ Stalloy”’ transformer core metal, 
chosen for this work because of its extremely low magnetic retentivity. One end of the capillary was 
sealed, and a small bulb of about } in. diameter blown on the end. The other end of the capillary was 
thickened slightly and then sealed off giving the float a total length of about § in. (Fig. 5). The density 
of the float was adjusted by adding small pieces of molten glass to the tail until the float just failed to 
sink in monomeric styrene at 25°. This ensured a high sensitivity for our work. 

Densitometer—Viscometer. The vessel in which the polymerisation took place was a cylindrical bulb 
made from 2-in. Pyrex tubing. Joined to its were a 4 in. diameter side-arm for filling, and a uniform 
i in. (outside diameter) tube in which the measurements of density and viscosity were made. The 

oat was inserted into this tube and kept in position by the constrictions as shown. Fig. 5 shows the 
apparatus in position for measurements of density and viscosity. During polymerisation, the apparatus 
was inverted so that the solution flowed into the large bulb. 

Coil. Two thousand turns of 30 s.w.g. copper wire (enamelled and cotton-covered) were wound on a 
former made from a core of aluminium tubing of 3 in. inside diameter and two plywood discs each 7 in. in 
diameter. The centre was reinforced by a circular block of wood fitting the aluminium core tightly. As 
the coil was intended to be immersed in a thermostat, the former was soaked in “ Akard ’’ bakelite 
lacquer and stoved for 3 hours in a vacuum oven. This was repeated after winding on the wire. The 
external leads were rubber-covered wire, and where they entered the coil the joins were well covered with 
** Picein’’ wax. The whole coil was finally given a thick coat of a mixture of one part bee’s wax and one 
part resin, pe ny with a little magnesium carbonate as filler. To concentrate the magnetic field of the 
coil, a ring of soft iron, of } in. inside diameter, was attached to the upper end of the aluminium core. 
This served to give a sharper balance point in the density determination. The coil was clamped 
horizontally in a thermostat at 25° + 0-02°. The current passing through the coil was measured by a 
linear scale milliammeter having a range of 150 ma. 

Density calibration. Before insertion in the densitometer—viscometer the float was calibrated. The 
density p is given by p = d + hi*, where d = density of the float, i = current through the coil, and 
k = constant. Several mixtures of ethyl acetate and chloroform containing up to about 5% of 
chloroform were prepared, and their density determined at 25° + 0-02° with a pyknometer. A } in. 
Pyrex tube sealed at one end was filled with one of these mixtures and clamped vertically in the 
thermostat through the centre of the coil. The float was dropped in, and 15—20 minutes allowed for the 
temperature to reach 25°. The current in the coil was switched on and adjusted to a value of about 
120 ma. by means of the sliding resistance in parallel with it. The float was drawn down the tube by 
means of a magnet until it was held by the magnetic field of the coil. The current was then decreased 
slowly until the magnetic force just failed to balance the buoyancy force when the float commenced to 
rise to the surface. The current flowing when this occurred was noted and the procedure r ted 
several times for consistent results. Density p and i* gave a linear plot from which the constants d and k 
were calculated by standard | ~eapencomee’ | methods. The float actually used for most of the experiments 
recorded here measured density according to the equation p = 0-89509 + 1-562 x 10 i*, where i was 
measured in milliamps. 

The Polymerisation Experiments.—Freshly distilled styrene was quickly sucked into the inverted 
viscometer—densitometer and the air was ee ee by the ene under which it was required to out 
the polymerisation. In the case of gases which were available in quantity (oxygen and nitrogen) this 
was done by blowing the gas through the vessel for about 10 minutes before sealing it off. For hydrogen 
and for the mixture of oxygen and hydrogen, which was prepared in a gasometer of 2 1. capacity, the 
vessel was evacuated and refilled with the gas, the process being repeated about a dozen times before 
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sealing off. About the same volume of styrene was taken (45 c.c.) in each experiment, so that the volume 
of the gas in the polymerisation vessel was about the same (120 c.c.) each time. 

During polymerisation, carried out in a thermostat at 65° + 0-07°, the viscometer was removed at 
known intervals, the reaction arrested by chilling, and measurements were taken at 25°. On 
reimmersion at 65° two minutes were allowed for the heating up, in plotting the data. 

Measurements.—20—25 Minutes were allowed for the styrene to attain temperature equilibrium, 
with the viscometer clamped vertically through the centre of the coil (Fig. 5) by means of non-magnetic 
clamps. Density measurements were made as already described for the calibration of the float, the 
float being kept in the wide part of the viscometer tube away from the constrictions. As the viscosity 
of the styrene increased during polymerisation it became more and more difficult to obtain an accurate 
estimate of the density. This difficulty was overcome to some extent by attaching an electric buzzer to 
the bulb of the densitometer—viscometer. The vibration helped to overcome the friction between the 
float and the viscometer tube. Several readings were taken and the mean was used in the calculation 
of density. To measure the relative viscosity of the partly polymerised styrene, the viscometer tube 
was withdrawn slightly from the coil until the tail of the float slid through the constriction. This served 
to centre the float so that it rose freely without touching the sides when the current through the coil was 
switched off. The time of rise between two marks on the viscometer was noted. This operation was 
also repeated several times, and the mean time of rise # used to calculate the relative viscosity 
Nr = tt [ity = pot/pty. 


Thanks are due to Messrs. Bakelite Ltd. for their gift of styrene. 


QUEEN’S UNIVERSITY, BELFAST, N. IRELAND. [Received, February 25th, 1948.] 





455. The Strength of Heterocyclic Bases. 
By ADRIEN ALBERT, REGINALD GOLDACRE, and JOHN PHILLIPs. 


The relative strength of heterocyclic bases constitutes a comparatively unexplored territory. 
Ionisation constants are now recorded for 120 heterocyclic bases belonging to 30 different, 
completely unsaturated, ring systems. 


he principle of additional tonic resonance, which is known to be responsible for the enhanced 
basic strength of 2- and 5-aminoacridines, is shown to operate in many other nuclei. 

The insertion of a further nitrogen into a pyridine ring (as in phenazine or quinoxaline) is 

shown to cause a marked lowering of basic strength, whereas the insertion of a further nitrogen 


into a pyrrole ring (as in indazole or benziminazole) creates definite basic properties where none 
was demonstrable before. 


The addition of a benzene ring to a heterocyclic base, so that two carbon atoms are shared, 
usually affects the basic strength to only a relatively small extent. 


THE strength of saturated heterocylic bases is known to be approximately that of the 
corresponding aliphatic amines (ca. pK, 10). However, little exact information is available 
concerning the strength of unsaturated heterocyclic bases. Of these, the acridine series has been 
most thoroughly explored and a survey of 115 acridines (Albert and Goldacre, J., 1943, 454; 
J., 1946, 706) has facilitated the prediction of approximate pK values in this series, an 
important consideration in chemotherapy because the kationic species is by far the most 
antibacterial. 

The strengths of bases derived from 30 other heterocyclic systems have now been surveyed 
and interpreted from the following standpoint. The ionisation constants of these heterocyclic 
systems differ qualitatively from those of saturated systems through having a component not 
found in the latter. This component comes from the change (upon ionisation) in the energetics 
of the resonating system of x electrons, in which system the basic centre is intimately concerned. 
Hence the ionisation constant, as the measure of the free-energy change on ionisation, must carry 
a term closely related to the change in resonance energy upon adding a proton to the nitrogen. 
If it were possible to calculate this resonance change and to estimate the ionisation entropy 
change, the results reported here could be discussed in terms of fundamental thermodynamics. 
However, such calculations are not yet possible and hence the plan followed has been to deal 
with the more striking features of the new data in terms of the qualitative resonance energy 
ideas used in interpreting our acridine work. 

The most important of these is the “‘ additional ionic resonance effect ’’ conveniently 
illustrated as follows. Acridine itself is a fairly weak base of pK, 5°6 (cf. Table II). The 
strength rises slightly when an amino-group is inserted in the 3- or 4-position (normal amino- 
derivatives) and is distinctly weakened if this group is in the 1-position (ortho-effect). However, 
an amino-group in the 2- or 5-position adds greatly to the basic strength because it brings about 
a resonance in the ions [through the pairs of canonical structures (VI, a and b) and (VII, a and b)} 
additional to that provided by the non-ionised molecule (Albert and Goldacre, loc. cit.). The 
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case of 2-aminoacridine suggests that the loss of a Kekulé ring can be largely compensated for 
by the type of ~-quinonoid structure shown (VII, 5). On the other hand, an o-quinonoid 
structure, of the type of (VIII), although a possible contributor to the ion of 4-aminoacridine, 
is of little value for this purpose. 

As this ‘‘ additional ionic resonance effect ’’ furnished the strongest aminoacridine bases, it 
was decided to pay particular attention to it in other heterocyclic series. Before investigating 
these, it was thought advisable to consider those open-chain compounds which show this effect 
in its simplest form. 

TaBLeE I. 


Ionisation of open-chain bases having additional ionic resonance, determined in water at 20°. 
Dilution Mode of 


No. Substance. pk,.* (1/m.). preparation. M.p. 
B PARIS FF cccccccciccccccccccccescccscceccecosecsces 13-71 0-5 — — 
2 PD. . sade wicibeccrccdevtesiecsséonecoesesess 8-33 20 A 142° 
3 [Phenylguanidine] {  ............scseceseceeeecerecereees 10-88 30 — _ 
G GRertemRee BITE  ccccccccccccccccccsccccccscoscccscescss 12-52 25 — — 
5 Bi cuivensicesosnntcectcarnenccnstitherduemnonesio 11-6 10 B 80 
6 [O-Methylisourea (amt) B® peedandecssnecsnsoesconerenees 9-80 50 — — 
7 [N-Phenyl-O-methylisourea] J] .......-sseeeeeeeeees 7:3 _— _ _ 
8 S-Methylisothiourea (IV) ..........ccccscceceesseseceeeees 9-83 40 Cc oo 
9 N-Phenyl-S-methylisothiourea  ...........0eeeeeeeee 7-14 160 D 71 

“10 ID TED. 0b srccecevsnrsaccsogqpanacenstiowsiness 4-82 160 E 78 


* pK, is the negative logarithm of the acidity constant (B)(H*] /(BH*}. 
+ Hall and Sprinkle, J. Amer. Chem. Soc., 1932, 54, 3469 

t Davis and Elderfield, J. Amer. Chem. Soc., 1932, 64, 1499. 

§ Schwarzenbach and Lutz, Helv. Chim. Acta, 1940, 28, 1162. 

|| Zief and Edsall, J. Amer. Chem. Soc., 1937, 59, 2245. 

4 Bruce, ibid., 1904, 26, 419 (conductimetry). 

A Korndérfer, Arch. Pharm., 1903, 241, 467. 

B Pinner and Klein, Ber., 1878, 11, 6. 

C The sulphate (Shildneck and Windus, Org. Synth., 1932, 12, 52) was titrated with alkali. 
D Bertram, Ber., 1892, 25, 49. 

E Tiemann and Kruger, Ber., 1884, 17, 1865. 


It will be seen from Table I that guanidine (I) is the strongest base of the series. Its ion has 
three equivalent structures in which each NH, in turn carries the kationic charge and the double 
bond, making for a higher degree of resonance than exists in the non-ionised molecule and thus 
accounting for the extraordinarily high basic strength (cf. Pauling, ‘‘ The Nature of the Chemical 
Bond ”’, Cornell, 1942, p. 213; Branch and Calvin, ‘‘ The Theory of Organic Chemistry ”’, 
Prentice-Hall, 1941, p. 194). The case of acetamidine (II) is similar, but the fact that there are 
only two equivalent structures contributing to the ion has led to a loss of basic strength, partly 
compensated by the electron-donating properties of the methyl group. In O-methylisourea 
(III) and S-methylisothiourea (IV), the electron-donating methyl group has been replaced by 


= e Me. Me pe 
H,N-C:NH,® H,N-C:NH,® H,N-C:NH,® H,N-C:NH,® HO-NH-C:NH,® 
(I.) (I.) (III.) (IV.) (V.) 
NH, H,® 
Le ye — \ V4 \ VY \ 
je ) +> ® <> OO 
NA WYN WF N NH, Vy Van, 
(VI, a.) (VI, b.) (VII, a.) (VII, b.) 
Hine 
H,® | 
V4 V/s. 
MO De On WY 
as WW NN, N’\yH, ‘4 
(VIIT.) (TX, a.) = b.) (X.) 


electron-attracting groups, with some loss of basic strength. Nos. 2, 3, 5, 7, and 9 were included 
in this comparison, to help assess the effects of electron-attracting groups on these values, which 
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are subject to similar influences in heterocyclic nuclei. The resultant pK, values may be 
compared with those of 5-aminoacridine (9°99), which is a vinylogous amidine and 2 : 5-diamino- 
acridine (11°49), which is a vinylogous guanidine. We shall see that when not one, but two, 
hetero-atoms of these open-chain bases form part of a heterocyclic ring, cross-resonances 
seriously reduce the base-strengthening features of their structure [cf. acetamidine and 
pyrimidine (No. 79); guanidine and 2-aminopyrimidine (No. 80); S-methylisothiourea and 
2-aminothiazole (No. 129)]. Benzamidoxime (V), the ion of which has no equivalent resonance 
structures and is electronegatively substituted, is seen to be a weak base. 

Quinoline and Pyridine compared with Acridine.—Table II lists the pK, values of pyridine 
and quinoline and all their monoamino-derivatives. Some of these values have been reported in 
brief (Albert and Goldacre, Nature, 1944, 158, 467) but they have now been more accurately 
established by repeated titrations averaging 6—10 points on the curve. Acridine compounds 
substituted in analogous positions have been placed opposite the corresponding pyridine and 
quinoline compounds to facilitate comparison. The lower solubility in water of the acridines 
necessitated a higher dilution [see Experimental Section for the (small) effect of concentration 
on pK]. 

It may be seen from Table II that the removal of one or two benzene rings from acridine and 
the aminoacridines has affected most of the pK values, but not profoundly. Acridine is the 
strongest and quinoline the weakest of the unsubstituted bases, but the differences are small. 
Nos. 13, 17, 19, and 20 would be classed as normal amino-derivatives (as defined above for 
Nos. 27 and 28); they show a small elevation in pK, (0°01—1°4 units). No. 22 (8-amino- 
quinoline) shows an ortho-effect (depression of pK,) comparable to that of its acridine analogue 
(No. 30). 





TaBLE II. 
The ionisation of heterocyclic bases (1 nitrogen atom in ring) (determined in water at 20°). 
Dilu- ‘  Dilu- Dilu- 
Pyridine tion Quinoline tion Acridine tion 
No. _ series. pkK,. (1/M.).M.p.| No. series. pK,. (1/M.).M.p.|No. _ series. pK,.§ (1/M.). 
11 Pyridine 5-23* 60 — | 15 Quinoline 4:94* 60 — | 25 Acridine 5-60 2500 
12 2-Amino- 6-86 60 57°| 16 2-Amino- 7:34 60 131°} — (no analogue) — — 
13 3-Amino- 598f 60 64 | 17 £=3-Amino- 4-95 60 94 | — (no analogue) — — 
14 4-Amino- 9-17$ 45 158 18 4-Amino- 9-17 60 154 | 26 5-Amino- 9-99 2500 
19 5-Amino- 5-46 60 110 | 27 4Amino- 6-04 6000 
20 6-Amino- 5-63 60 117 | 28 3-Amino- 5-88 6000 
21 7-Amino- 6-65 60 94 | 29 2-Amino- 8-04 5000 
22 8-Amino- 3-99 60 65 |30 1-Amino- 4-40 3000 
23 4Amino- 9-44 240 164 
2-methyl- 
24 2:4-Di- 9-45 40 197— 
amino- 198 





* These values are in good accord with numerous other determinations in the literature. 

+ Tropsch, Monatsh., 1914, 35, 777, obtained 7-2 for the 2-isomeride and 6-6 for the 3-isomeride 
(conductimetry). 

t Tropsch (loc. cit.) obtained 9-2 (conductimetry). 

§ Taken from Albert and Goldacre, J., 1946, 706. 


The remaining compounds might reasonably be expected to show some evidence of 
additional ionic resonance. Nos. 14, 18, and 26 (which have an ion of the VI, a and b type) all 
show this to a high degree. The case of 4-aminopyridine illustrates the approximately 
equivalent resonance energy of a nucleus consisting of a Kekulé ring and one consisting of a 
p-quinonoid structure of the type (VI, 5), because the partial destruction of a Kekulé ring, in 
forming the ion, has not cancelled a large additional ionic resonance. However, additional ionic 
resonance is not so marked in No. 21 as in No. 29, presumably because in No. 21 one p-quinonoid 
structure (of the type VII, b) replaces two Kekulé rings, whereas in No. 29, one p-quinonoid 
and one Kekulé ring replace two Kekulé rings. 2-Aminopyridine and particularly 2-amino- 
quinoline (Nos. 12 and 16) show an additional ionic resonance effect involving an o-quinonoid 
structure (¢.g., IX, a and b) which is actually a cyclic amidine and has no analogue in the acridine 
series. 2: 4-Diaminoquinoline (No. 24) does not show much elevation of pK, above No. 18. 

The insertion of a methyl group usually gives rise to a base-strengthening effect (0°3—1°0 pK 
unit) in the pyridine, quinoline, and acridine series (Constam and White, Amer. Chem. J., 1903, 
29, 46; Felsing and Biggs, J]. Amer. Chem. Soc., 1933, 55, 3624; Albert and Goldacre, 1946, 
loc. cit.), particularly if it is in the a- or y-position. 4-Amino-2-methylquinoline (No. 23) is the 
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first of several fresh examples of this effect encountered in the present work (see also Tables III 
and V). 
TaBLeE III. 
The ionisation of heterocyclic bases (1 nitrogen atom in ring) (continued). 
(Determined in water, except for values in fat 20°) which were determined in 50% alcohol, 
all at 20° 
5 4 6 
“ \y ON/\ VA 7 
4 4 
VV \; COO: WAN vy" OXY. 
2 , 
VW \y" MA V ‘YR Wyn? 
5: 6-Benzquinoline. 6: 7-Benzquinoline. 7: 8-Benzquinoline. Phenanthridine. isoQuinoline. 
ApkK,, 
water — Dilution 
No. Substance. pk,. alcohol. (1/M.). Source. M. p. 
31 5: 6-Benzquinoline 5-15 (3-90) 1-25 10,000 (40) F 94° 
32 4-Amino- (7-99) om 60 G 150—151 
33 4-Amino-2-methyl- (8-45) — (120) G 161 
34 2-Methyl- (4-44) _ (160) I 83 
35  § 2-Amino-4-methyl- 7:14 (6-51) 0-63 100,000 (200) G 224225 
36 4’-Amino- 5-20 (4-10) 1-10 (40) J 175 
37 = 3’-Amino- (4-02) _ (80) H 222—224 
38 1’-Amino- 5-03 _— 10,000 H 156—157 
39 =. 2’: 4’-Diamino- (4-91) ~- (60) J 249 
40 6: 7-Benzquinoline 5-05 (3-84) 1-21 7,000 (120) G 116-5 
41 4-Amino- (8-75) ~- 300) G 233 (sealed) 
42 4-Amino-2-methyl- (9-45) _- (160) G 180 
43 4-Amino-2-methyl-8-chloro- (5-95) _ (300 G 179—180 
44 8-Chloro- (2-5) os 160 K 142 
45 3: 4-Diamino- (8-15) ~- 320) G 212 (dec.) 
46 3-Amino- 4-78 (3-73) 1-05 10,000 (400) G 240—241 
47 17: 8-Benzquinoline 4-25 (3-15) 1-10 10,000 0 L 52 
48  4-Amino- (7-68) ~ (120 G 173—174 
49 4-Amino-2-methyl- (7-96) — (60) G 149—150 
50  2-Amino-4-methyl- 6-74 (6-02) 0-72 20,000 (240) G 133—134 
51 6-Amino-2-methyl- (5-23) —_ (160) G 128—129 
52 1’-Amino-2-methyl- (4°75) oe (160) G 141-5 
53 Phenanthridine (3-30) — (60) G 107—108 
54 9-Amino- 7-31 (6-75) 0-56 13,000 (120) M 195 
55  #2-Amino-9-methyl- (5-66) —- (160) N 173 
56 7-Amino-9-methyl- (5-23) = (160) N 232 
57 2: 7-Diamino-9-methyl- (6-26) on (160) N 265 
58 2:7: 9-Triamino- (8-06) — (160) G 200 
59 [isoQuinoline] 5-14 * — _ —_— — 
60 1-Amino- 7-62 a 160 oO 123 
* Determined by Kolthoff, Biochem. Z., 1925, 162, 289. 
F Knueppel, Ber., 1896, 29, 708. 
G Albert, Brown, ‘and Duewell, this vol., p. 1284. 
H A specimen was kindly presented by Prof. C. Hamilton of the University of Nebraska. 
I Eastman-Kodak, rec 
J Clem and Hamilton, J. Amer. Chem. Soc., 1940, 62, 2349. 
K Clemo and Driver, J., 1945, 829. 
L Haid, Monatsh., 1906, 27, 318. 
M Morgan and Walls, J., 1932, 2225. 
N A specimen was kindly presented by Dr. L. Walls of the Wellcome Chemical Research 
Laboratories. 
O Chichibabin and Oparina, J. Russ. Phys. Chem. Soc., 1920, 50, 543. 
Benzquinolines, Phenanthridines, and Benzacridines.—Tables III and IV record the pK, 





values of some representative members of 8 other heterocyclic series having one ring-nitrogen. 
Unfortunately, the very sparing solubility of these substances (particularly the primary amines) 
in water and, in some cases, the lack of a decided colour-change upon ionisation, often 
necessitated carrying out potentiometric titrations in aqueous alcohol. However, 12 of the 
compounds were examined in water (colorimetrically in a series of buffers) and if these 
compounds may be taken as representative, the ApK values (depressions of pK, due to alcohol) 
7F 
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_TaBLeE IV. 
The ionisation of heterocyclic bases (1 nitrogen atom in ring) (concluded). 
(Determined as in Table III.) 


Ww OM LH 


Yow" 


3 : 4-Benzacridine. 2 : 3-Benzacridine. 1 : 2-Benzacridine. 
ApKg, 
water — Dilution 

No. Substance. pkK,. alcohol. (1/m.). Source. M.p 

61 3: 4-Benzacridine 4-70 (4-16) 0-54 * (160) P 132° 
62 5-Amino- (8-41) - (240) G 236—237 
63. 7-Amino- 5-03) —_— (170) G 237—238 
64 8-Amino- 7-42 (6-51) 0-91 33,000 (300) Q 264—265 
65 8-Acetamido- (4-48) a (320) Q 269 
66 8-Dimethylamino- 7-31 (6-99) 0:32 48,000 (240) R 184 
67 2: 3-Benzacridine (4-52) — (480) G 223 
68 5-Amino- (9-72) o (120) G 231—232 
69 5-Acetamido- (4-56) —- (640) G ca. 230 (dec.) 
70 7-Amino- 5-38) — (320) G 285—286 
71 5-Amino-6 : 7 : 8 : 9-tetra- 9-66) —- (60) G 236—238 

hydro- 

72 1: 2-Benzacridine 3-45) o> (160) S 108 
73 5-Amino- 8-13) ~- (320) G 196—197 
74 7-Amino- 4-05) — (160) G 165 
75 8-Amino- 6°72 (5-97) 0°75 40,000 (240) Q 200 
76 4’ : 5-Diamino- 8-44) —- (200) G 225—226 


* The pK in water was determined by extrapolation from titrations in 50, 40, 30, and 20% alcohol 
to 0% alcohol. 


G As in Table III. 
P Baezner, Ber., 1904, 37, 3077. 
Q Albert, this vol., p. 1225. 


R Ullmann and Mari¢, Ber., 1901, 34, 4318. A sample was kindly presented by Drs. L. Small and 
L. Sargent through the Anti-Malarial Survey. 
S Ullmann and La Torre, Ber., 1904, 37, 2922. 


cover much the same range as that found in the acridine series. The nature of the connexion 
between the value of this depression and the molecular structure has been discussed (Albert and 
Goldacre, loc. cit., 1946), and the extreme values known are zero (4-aminoquinoline) and 
1°49 pK units (acridine) but most of them lie between 0°5 and 0°8. In any given series, the 
members with additional ionic resonance usually have the smallest ApK’s. 

It is seen from the tables that the parent substances (Nos. 31, 40, 47, 53, 61, 67, and 72) have 
pK’s close to those of quinoline and pyridine. The 7 : 8-benzquinolines and 1 : 2-benzacridines, 
which share a structural feature, are weaker bases than their isomerides. The following are 
classified as normal amino-derivatives, as defined above for 3- and 4-aminoacridines, and it will 
be seen that the elevation of pK is of the same order as in the quinoline and acridine series 
(cf. Table II) : Nos. 36, 37, 38, 39, 46, 51, 52, 56, 63, 70, and 74. 

An elevation of pK derived from an additional ionic resonance of the type (VI, a, 5) is seen in 
Nos. 32, 33, 41, 42, 45, 48, 49, 62, 68, 71, 73, and 76 and is of the same size as in 4-aminoquinoline 
‘and 5-aminoacridine (1.e., ca. 50 units). 

Elevations of pK similarly derived from the ionic resonance (VII, a and 5) occur in Nos. 64, 
66, 75, and possibly 55, and are of the same size as in 2-aminoacridine. Further elevations 
similarly derived (from IX, a and b) are found in Nos. 35, 50, 54, 58, and 60 and are of the same 
size as in 2-aminoquinoline. Because phenanthridine may be regarded as benzoisoquinoline, 
the relevant isoquinolines (Nos. 59 and 60) have been included for comparison. 

Small but definite elevations due to a methyl group appear quite consistently, as in the 
quinoline and acridine series and the usual examples of depression due to N-acetylation or 
C-chlorination were found (Nos. 65, 69, 43, and 44). No. 45, compared with No. 41, appears to 
show an ortho-effect comparable with that of o-phenylenediamine. 

The angular series in Tables III and IV have three Kekulé rings and all the nuclear stability 
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that goes with this structure. However, the formation of ions of the types (VI), (VII), and (IX) 
does not destroy any more Kekulé structures in the benzquinoline and benzacridine series than 
in the quinoline or acridine series. On the other hand, it is not expected that structures (such 
as X) which entirely destroy the Kekulé structure could give rise to additional ionic resonance : 
the low pK’s of Nos. 36 and 39 support this. 

Six-membered Rings with Two Nitrogen Atoms.—Reference to Table V shows that the 
introduction of a second nitrogen into a six-membered ring already containing a nitrogen atom 
greatly reduces the basic strength, often by as much as 4 pK units. Pyridine (No. 11) may be 
compared with pyridazine, pyrimidine, and pyrazine (Nos. 77, 79, 88), quinoline (No. 15) with 
cinnoline, phthalazine, quinazoline, and quinoxaline (Nos. 90, 92, 94, and 99), and acridine 
(No. 25) with phenazine (No. 104). 

A small loss of basic strength upon the introduction of a second nitrogen is seen even in 
saturated compounds, ¢.g., the pK, of ammonia, 9°3, falls to 8°5 in hydrazine (Bredig, Z. physikal. 
Chem., 1894, 18, 289) and that of piperidine, 11°6, falls to 10°3 in piperazine (Kolthoff, Biochem. 
Z., 1925, 162, 289). However, the loss is greater in the present series because several factors are 
involved. In the first place, the second nitrogen atom is electron-attracting and hence base- 
weakening. Then, in several cases there are opportunities for the formation of exactly equivalent 
dipolar structures in the non-ionised molecule (e.g., XII) and these may strengthen the resonance 
of this species at the expense of the ion. The particularly low pK, values of pyrazine, 
quinoxaline, and phenazine (Nos. 88, 99, and 104) are cases in point. These substances are 
vinylogues of azobenzene, which is a very weak base for a similar reason (cf. also molecular 
nitrogen in this connexion). However, pyridazine, cinnoline, and phthalazine (Nos. 77, 90, and 
92), which have adjacent nitrogens and hence appear more clearly to resemble azobenzene, 
are capable of forming hydrogen-bonded pairs of ions (e.g., XIII) which have extra resonance 
relative to the non-ionised molecule. This is not possible in tvans-azobenzene for steric reasons. 


t) - 
JN @ /H. 
va ® 
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i ¥ \H @ G 
(XI.) (XII.) (XIII.) 


It is of interest that cinnoline was described as a ‘‘ strong base ’’ (Busch and Rast, Ber., 1897, 
80, 521) although the pK, is now found to be only 2°70. Several other instances have come to 
light where a writer has been misled as to the strength of bases by relying on criteria other than 
an actual pK measurement. 

Table V contains a few examples of normal amino-derivatives of the type of 3-aminoacridine, 
viz., Nos. 82, 97, and 105, and, as expected, the pX is not increased by more than 2 units. No. 98 
shows the ortho-effect, but Nos. 101 and 105 do not because in the latter both nitrogens are 
equivalent. The remainder of the amino-derivatives would be expected to show additional 
ionic resonance due to one or other of the types (VI), (VII), or (IX) discussed above. With one 
exception (2-aminoquinazoline, No. 95) the expected increment of over 2 pK units is found. 
Table V also contains some polyamino-compounds in which each amino-group separately has 
been shown to introduce additional ionic resonance (Nos. 85, 86, 103, 108, and 109). These 
compounds would bear the same relation to the corresponding monoamino-derivatives which 
guanidines bear to amidines were it not for the many possibilities for cross-resonances. 
2:4-Diaminopyrimidine (No. 85) exemplifies mutual reinforcement of basic strength but 
2: 4: 6-triaminopyrimidine (No. 86) is weaker, a curious fact which we have carefully confirmed 
(cf. also Nos. 106 and 109). 

The usual slight base-strengthening properties of the methyl group are seen again in Nos. 87, 
83, and 84, the last two examples being of interest because of the sulphonamide drugs derived 
from them. 

The effect of inserting more than two nitrogens into a six-membered ring should, by 
extrapolation, be very base-weakening. Unfortunately, such compounds are unstable. 
Although no synthesis of 1 : 3 : 5-triazine has been recorded, two of its amino-derivatives are 
listed in Table VI (Nos. 110 and 111). It will be seen that they are about 1°5 units weaker than 
the corresponding pyrimidines (Nos. 84 and 86). _ 

A small selection of phenanthrolines has also been included in Table VI to represent 
heterocyclic compounds with two nitrogens in different rings. The pK, values of Nos. 112—114 
are approximately equal to those of the corresponding benzacridines (Table III) and hence form 
a contrast to phenazine (No. 104) with which they are isomeric. 
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TABLE V. 
The ionisation of heterocyclic bases (2 nitrogen atoms in a six-membered ring). 
(Determined as in Table III.) 


Dilution 
Substance. pk,. (1/m.). Source. M.p. B. p. 
Pyridazine 2-33 10 T — 205—206°/760 mm. 
[3-Amino-] 5-19 * oe — — — 
Pyrimidine 1-30 15 U — 123/760 mm. 
2-Amino- 3-54 10 Vv 127—128° — 
4-Amino- 5-71 200 WwW = 151—152 —_ 
[5-Amino-] 2-83 * ae Ps a so 
2-Amino-4-methyl- 4:15 60 X 159—160 — 
2-Amino-4 : 6-dimethyl- 4-85 160 x 153 _ 
2 : 4-Diamino- 7-26 160 W  144—145 —_ 
2:4: 6-Triamino- 6-84 160 Y  245—246 _ 
4-Methyl- 1-98 20 U _ _ 
Pyrazine 0-6 10 Z —_ 118/760 mm. 
2-Amino- 3-14 20 AA 117—119 _- 
Cinnoline 2-70 150 BB 37—38 — 
4-Amino- 6-84 160 CC 210 — 
Phthalazine 3-47 80 DD 91—92 — 
1-Amino- 6-60 150 EE 210—211 — 
. li { 3-51 15 FF a 241/760 mm. ; 
Quinazoline (3-2) ¢ (0) (27°) 133/23 mm. 
2-Amino- 4-43 150 GG 206 — 
4-Amino- 5-73 150 GG 272 — 
[6-Amino-] 3-2) T (50) (27°) — — — 
[8-Amino-]} 2-4) T (50) (27°) -- -= — 
Quinoxaline ~0°8 10 HH 28 228—229/760 mm. 
2-Amino- 3-96 150 II 155—156 ~~ 
5-Amino- 2-62 150 JJ 94—95 a 
6-Amino- 2-95 160 KK 158—159 _ 
2 : 3-Diamino- 4-70 240 KK (dec.) — 
Phenazine ¢ 1-23+0-10 3000 LL 173—174 —- 
1-Amino- 2-6) 123) MM 175-176 _ 
. “15 ,000 7 —_ 
2-Amino- { (3-46) (120) — _ _- 
1 : 3-Diamino- (5-64) (240 MM 274—275 — 
2 : 3-Diamino- ie (130 ' en — 
, a 4-63 8000 ec. 
2 : 7-Diamino- (3-9) (160) ed wt — 


* Unpublished value kindly communicated to us by Dr. R. O. Roblin, of The American Cyanamid 
Co.’s Laboratory, Stamford. 


oi These results are reproduced from Elderfield, Williamson, Gensler, and Kremer (J. Org. Chem., 


12, 405). 


} Phenazine proved to be photosensitive, hence its solution was prepared in the light of a 5-watt 


red lamp. By fairly rapid working, consecutive readings on the absorptiometer (violet glass filter) 
agreed well. : 


T Evans and Wiselogle, J. Amer. Chem. Soc., 1945, 67, 60. A specimen was kindly presented by 


Dr. Wiselogle. 


U Gabriel and Colman, Ber., 1899, 32, 1534. 
V A quantity was kindly presented by Monsanto, Ltd., and was recrystallised. 
W The corresponding chloro-compound was heated with alcoholic ammonia at ca. 180° for 8 hours 


(K. F. Baker, unpublished). 


X Benary, Ber., 1930, 68, 2601; Combes and Combes, Bull. Soc. chim., 1892, 7, 791. Samples were 


kindly presented by Prof. A. K. Macbeth of Adelaide. 


Y A quantity was kindly presented by Dr. G. M. Dyson and recrystallised. 
Z A quantity was kindly oe emery by Dr. R. O. Roblin and refractionated. 


AA Ellingson, Henry, and 


cDonald, J. Amer. Chem. Soc., 1945, 67, 1711; Weijlard, Tishler, and 
Erickson, ibid., p. 802. 


BB Jacobs, Winstein, Henderson, and Spaeth, ibid., 1946, 68,1310. A quantity of the hydrochloride, 


m. p. 160—162°, was kindly presented by Prof. Jacobs. The base was titrated immediately 
after fractionation. 


CC Baker, this vol., p. 1713. 
DD Gabriel and Miller, Ber., 1895, 28, 1830. 


EE A specimen was kindly supplied by Prof. A. K. Macbeth and Mr. H. Rodda of Adelaide 
(unpublished preparation). 
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FF Riedel, D.R.-P., 174,941, 1905 (Friedl., 8, 1238). 

GG Macbeth and Rodda, Nature, 1945, 156, 207. 

HH Hinsberg, Ber., 1884, 17, 318. 

Il Weijlard, Tishler, and Erickson, J. Amer. Chem. Soc., 1944, 66, 1957. 
it, ao and Sharp, J., in the press. 


oo were kindly presented by Merck & Co., Inc., Rahway, recrystallised and analysed. 
ehrman and Havas, Ber., 1913, 46, 342. 


MM Albert and Duewell, J. Soc. Chem. Ind., 1947, 66, 11. 
NN Wohl and Lange, Ber., 1910, 48, 2187. 
OO Fischer and Hepp, Ber., 1889, 22, 356 (analysed). 


PP D.R.-P. 148,113, 1902 (Friedl., 7, 341). A specimen was kindly presented by Dr. W. M. Clark 
through the Anti-Malarial Survey (analysed). 


TABLE VI. 


Ionisation of heterocyclic bases (3 nitrogen atoms in a six-membered ring; or 1 nitrogen atom 
in each of two six-membered rings). 


(Determined as in Table III.) 


( e" AR ro. iN 
 - Ge. ee 


o-Phenanthroline. m-Phenanthroline. p-Phenanthroline. 
Dilution 
No. Substance. pK,. (1/m.). Source. M. p. 
110 2-Amino-4 : 6-dimethyl-1 : 3 : 5-triazine 3-60 60 92 171—172° 
111 Melamine (2 : 4 : 6-triamino-l : 3 : 5-triazine) 5-16 * 160 me 
112 o-Phenanthroline (4°27) (40) Ss 117 
(anhydrous) 
113 m-Phenanthroline (3-11 (40) Pe 78 
114 -Phenanthroline & - (40) TT 177 
116 ~=1: 10-Diamino-3 : 8-dimethyl- (8° 18 & * -31) (160) UU 324 toed 
117 2: 2’-Dipyridyl 23 160 VV 


* This compares with the values, 5-1 epsctrscny) and 5-0 (titration), obtained by Dixon, wes 
berry, and Costa, J. Amer. Chem. Soc., 1947, 69, 5 
QQ Tscherven-Iwanow, J. pr. Chem., 1892, a 147. 


RR A specimen, kindly presented by Dr. C. Gibian of Timbrol, Ltd., Sydney, was recrystallised and 
analysed (C, H, and N). 


SS G.F. arith Chemical Co., Columbus, Ohio, rec: 


TT Specimens, kindly presented by Prof. W. O. Kermack, were recrystallised. 
UU Jacini, Gazzetta, 1939, 68, 111; 1940, 70, 621. 
VV British Drug Houses, recrystallised. 


The increased basic strength of o-phenanthroline, compared with its isomerides, is ascribed 
to the simultaneous union of one proton to both nitrogens (by electrovalent and hydrogen 
bonds, respectively). This effect is not evident in the somewhat similarly constituted 2 : 2’-di- 
pyridyl (No. 117) doubtless because of its free rotation around the 2 : 2’-bond. 

1-Amino-p-phenanthroline (No. 115) does not give a titration curve of theoretical slope in 
water, in which it forms a somewhat viscous solution. An ion—base association, stronger than 
those described in the acridine series (Albert and Goldacre, Joc. cit., 1946), is indicated. The 
conditions are favourable because, in the mono-ion, one ring nitrogen will carry a formal negative 
charge and the other an ionic positive charge. The titration curve in 50% alcohol is almost 
regular. No. 116 is an interesting case of two (almost) independent additional ionic resonances 
in the one molecule (contrast 2 : 5-diaminoacridine, Albert and Goldacre, loc. cit.). 

Heterocyclic Five-membered Rings.—Five-membered rings containing only one nitrogen are 
well known to be weak bases; for example, the pK, of 0°4 has been calculated for pyrrole (Hall, 
J. Amer. Chem. Soc., 1930, 52, 5123), and indole is apparently no stronger. It is generally 
agreed (cf. Sidgwick, ‘‘ Organic Chemistry of Nitrogen ’’, Oxford 1937, p. 490) that this effect is 
ascribable to a base-weakening resonance in which the nitrogen of the non-ionised molecule 
becomes positive and quaternary, somewhat as in aniline. 

It has been known for some time that in at least three cases (pyrazole, glyoxaline, and 
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TABLE VII. 


The ionisation of heterocyclic bases (five-membered rings). 
(Determined as in Table III.) 


Dilution 
No. Substance. Basic pK. (1/m.). Source, M. p. Acidic pK,. 
(a) Two nitrogens in ring 
118 [Pyrazole] 2-53 * — a -—_ i 
119 —* 7-03 t 10 to 100 a — — 
120 Indazole 1340-2 100 ww 147—148° an 
121 3-Amino- 3°15 100 XX 154 site 
122 6-Amino- (3-66) (160) ww 206 _— 
123 Benziminazole 5-53 t 40 b & 4 170 12-3 
124 2-Amino- 7-54 160 VV 222 dns 
(b) Move than two nitrogens in ring 
125 [1: 2: 4-Triazole] 2-55 * — <a _— pon 
126 nztriazole 1-6 20 ZZ 99 8-57 § 
127 6-Aminotetrazole { (6-77) (160) AAA see (258) 
(c) Two different hetero-atoms 
128 Thiazole 2-53 10 BBB (b. p. 117) — 
129 2-Amino- 5-39 130 Vv 90 on 
130 Benzthiazole (1-2+0-1) (10) CCC (b. p. 231/760 mm.) a 
131 2-Amino- 4-51 160 DDD 129 ian 
132 Benzoxazole (decomp.) 160 EEE (b. p. 93/18 mm.) — 
133 2-Amino- 3-73 100 DDD 130 ia 


* Dedichen, Ber., 1906, 39, 183 (rate of hydrolysis of ethyl formate). 

+ Kirby and Neuberger, Biochem. J., 1938, 82, 1146 (potentiometry). 

¢ Schwarzenbach and Lutz (Helv. Chim. Acta, 1940, 28, 1162) obtained 5-60 (potentiometry). 

§ Schwarzenbach and Lutz, loc. cit., obtained pK, 8-44. 

|| Baur (Z. physikal. Chem., 1897, 23, 411) obtained pK, 6-21 (conductimetry). 

WW Noelting, Ber., 1904, 37, 2584. The published m: p. of 210° (Witt, Noelting, and Grandmougin, 
Ber., 1890, 28, 3635; Kwartler and Lucas, Joc. cit.) appears to be corrected because 206° 
was the highest m. p. obtainable in spite of repeated recrystallisation with change of solvents. 
6-Nitroindazole was also reduced in turn with hydrogen and Raney nickel (Kwartler and 
Lucas, loc. cit.), ammonium bisulphide (Witt e¢ al., loc. cit.), and tin and hydrochloric acid 
(Gabriel and Stelzner, Ber., 1896, 29, 307), always with the same result (Found: C, 62-8 
H, 5:3; N, 31-5. Calc. for C,H,N,: C, 63-1; H, 5-3; N, 31-6%). 

XX Kwartler and Lucas, J. Amer. Chem. Soc., 1943, 65, 1804. 

YY Wagner and Millett, Org. Synth., 1939, 19, 12. 

ZZ Ladenburg, Ber., 1876, 9, 222. 
AAA Thiele, Annalen, 1892, 270, 45. 
BBB McLean and Muir, J., 1942, 383. 
CCC Mills, J., 1922, 121, 460. 
DDD _Skraup, Annalen, 1919, 419, 66. 
EEE von Niementowski, Ber., 1897, 30, 3064. 


benziminazole, Nos. 118, 119, and 123; Table VII) the insertion of another nitrogen in the ring 
is base-strengthening, and this has now been shown to be so for indazole also (No. 120). The 
base-strengthening effect of the second nitrogen, an effect which contrasts so sharply with what 
has been demonstrated in six-membered rings (Table V), must be ascribed to additional 
resonance (e.g., between XIV, a and b) in the ions of each of the four compounds. From this, a 
base-weakening effect must be subtracted in those compounds which have adjacent nitrogens 
(Nos. 118 and 120) owing to hydrogen bonding of the non-ionised miolecules (e.g., XV; cf. 
Hunter, J., 1941, 1). Additional ionic resonance effects, corresponding to 2-aminoquinoline, are 
demonstrated in some amino-derivatives (Nos. 121 and 124 and, possibly, 122). It is interesting 
to see 6-aminoindazole described in the literature as a strong base (Witt, Noelting, and 
Grandmougin, Ber., 1890, 23, 3635). 

The effect of three nitrogens in a five-membered ring is shown in 1 : 2: 4-triazole (No. 125) 
and benztriazole (No. 126); the base-weakening effect of the third nitrogen can be large [e.g., 
ApK = —4°4 in passing from glyoxaline (No. 119) to 1 : 2: 4-triazole]}. 

5-Aminotetrazole is strongly acid to litmus (the pH of an m/80-solution is 4°1). It appears to 
be zwitterionic in nature, using the criterion afforded by titration both in alcohol and in water, 
i.e., a rise in both pK, values in 50% alcohol (cf. Albert and Goldacre, Joc. cit., 1946). The fact 
that the loss of a proton would make all nitrogens equivalent brings about a strong additional 
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resonance in the anion, hence the acidic pK is low. The electron-repelling effect of a stable 
anion acts as a further base-strengthening factor here. 





8 ay/" 

H NH . = = 
1) Ie) ==". HN’ -=CHCH= NH, 
(XIV, a.) (XIV, 6.) (XV.) (XVI) 


Table VII concludes with a few five-membered ring systems containing two hetero-atoms. 
Benzoxazole was found to be decomposed to 2-formamidophenol too rapidly by acid to give a 
reliable titration figure. Thiazole and benzthiazole are seen to be much weaker bases than 
pyridine and quinoline. Additional ionic resonance is demonstrated for their amino-derivatives 
(Nos. 129 and 131) which are cyclic isothioureas. 

The following order of (increasing) basic strength was predicted by Brooker, Sprague, and 
Cressman (J. Amer. Chem. Soc., 1945, 67, 1889) for several compounds which have now been 
measured: indole, benzthiazole, quinoline, thiazole, 5: 6-benzquinoline, pyridine, and 
benziminazole. These authors used an indirect, qualitative method (comparing the spectra of 
cyanine dyes of which these substances were constituents), but it will be seen from 
Tables II—VII that thiazole was not correctly placed. 

Effect of adding a Benzene Ring.—The foregoing tables contain a number of examples of 
substances differing from one another by a benzene ring, added in such a way that two carbons 
are shared by two rings. This has not produced any dramatic change in pK values which have, 
in general, shifted by only +0°5—1 pK unit. The extreme examples of this effect are 
pyrimidine to quinazoline (+ 2°2) and glyoxaline to benziminazole (—1°5 pK unit). 

Styryl Derivatives—Some styryl compounds were examined for signs of a base-strengthening 
resonance derived from possible contributions to the ion of a structure such as (XVI). This 
seemed a remote possibility because it implied the loss of two Kekulé rings; moreover, the 
corresponding aminostyryl-acridines had proved to be weak bases (Albert and Goldacre, loc. cit., 
1943). Actually, the pK, values of 4-(p-aminostyryl)- and 2 : 6-bis-(p-aminostyryl)-pyridine 
(Royer, J., 1947, 560) were found to be 6°25 and 5-97 respectively (m/100,000; H,O) and, as 
expected, these show little enhancement above the value for pyridine (5°23). 


EXPERIMENTAL. 


Potentiometric titration was used to obtain those pK values where the concentration is shown as 
m/500 or greater; in other cases absorptiometry in buffers of a series of pH values was used. Both 
techniques were carried out exactly as aateryee b described (Albert and Goldacre, loc. cit., 1946). 

In this work the policy has been followed of carrying out potentiometric titrations at concentrations 
as high as solubility permitted in order to keep the hydrolysis corrections low. The effect of the various 
dilutions on the “ classical ’’ pK, values, as determined, can be eliminated by transforming them into 
thermodynamic pK, values by adding the following corrections, m/10, 0-23; m/50, 0-10; m/200, 0-05; 
mu /600, 0-03. 


The authors wish to thank Prof. J. C. Earl for encouraging these studies, Mr. K. F. Baker for 
preparing many of the compounds in Tables V and VII, and Mr. D. P. Craig for most helpful discussions. 


Ss work was supported by the National Health and Medical Research Council and the Wellcome 
Foundation. 
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456. The Catechins of Green Tea. Part II. 


By A. E. BrapFIELpD and (Miss) M. PENNEY. 


In continuation of previous work (Bradfield, Penney, and Wright, J., 1947, 32), 
(—)-epicatechin, (—)-epicatechin gallate, (—)-gallocatechin gallate, and a substance, which on 
tannase hydrolysis yields gallic acid and a new gallocatechin, have been isolated from green tea. 


In Part I (Bradfield, Penney, and Wright, Joc. cit.) a method was described of separating the 
ether-soluble polyphenols of green tea into three fractions—(a), (b), and (c)—by partition 
chromatography. Fraction (c) was identified as (—)-gallocatechin, while fraction (b) is probably 
(+)-gallocatechin [or (+)-epigallocatechin]. Fraction (a) is a mixture of substances. By 
rechromatographing fraction. (a2) on a series of columns, using ether and a mixture of ethyl 
acetate and carbon tetrachloride as solvents, four main fractions—(2), (2a), (3), and (4)—are 
obtained. These appear homogeneous when again chromatographed with ether or ethyl 
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acetate—carbon tetrachloride, and from them crystalline substances, referred to in the following 
as ‘‘ substance (2) ” etc., are obtained. An additional substance, (2X), which has not yet been 
obtained crystalline, and traces of several other constituents have also been isolated. 

Substance (2) is (—)-epicatechin gallate, first isolated from Japanese green tea by Tsujimura 
(Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1930, 14, 63; 1931, 15, 155; 1935, 26, 186). It has 
now been shown that on hydrolysis by tannase it yields gallic acid and (—)-epicatechin, the 
identity of the latter being established by direct comparison of the Debye-Scherrer diagrams 
given by its acetyl derivative with that of the acetate of authentic (—)-epicatechin from the 
heartwood of Acacia catechu. This confirms the constitution assigned to the substance by 
Tsujimura. 

Substance (2X), present in relatively small amounts, gives with aqueous ferric sulphate 
solution a bright green colour which changes to dirty green and finally to yellow. With aqueous 
sodium cyanide it gives a very faint pink colour, which slowly deepens to orange, without showing 
any signs of fading. These colour tests indicate that the substance is a catechol derivative.* 

Substance (2a) crystallises from water as minute needles or laths having [a]?° —46° in 
acetone. It yields an amorphous acetyl derivative. The presence of a pyrogallol grouping is 
indicated by the deep blue colour given by aqueous ferric sulphate, the colour rapidly fading to 
pale blue-grey, and also by the immediate pinkish-orange colour produced by sodium cyanide, 
which fades on standing and is restored by shaking the solution. A phloroglucinol nucleus is 
indicated by the vanillin test. Hydrolysis with tannase yields gallic acid and a substance (2b), 
which crystallises from water as minute needles, decomp. 200—205°, [a]p +0°0°. The colour 
tests given by the substance with ferric salt, sodium cyanide, and vanillin are similar to those 
given by the original material (2a). Acetylation of (2b) yields an acetyl derivative C,,H,,0,;, 
m. p. 140—142°. This hydrolysis product thus appears to be one of the stereoisomeric forms of 
. gallocatechin, which is either optically inactive or of very low rotation, differing not only from 
(—)-gallocatechin and (-+-)-gallocatechin (Part I), but also from the gallocatechin isolated by 
Osima (Bull. Agric. Chem. Soc. Japan, 1939, 15, 636) from the bark of Casuarina equisetifolia. 
It follows that substance (2a) is a galloyl derivative of a new gallocatechin. 

The properties of substance (3) correspond with those of a substance first isolated by 
Tsujimura (Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1929, 10, 253) from Japanese green tea, 
which, from a study of its degradation reactions, she concluded to be (—)-epicatechin. 
Comparison of the Debye—Scherrer photographs of the acetate of substance (3) from tea with the 
acetate of (—)-epicatechin from Acacia catechu establishes the identity of the two substances. 

Substance (4) crystallises from water as colourless needles, decomp. 215—216°, [«]}8° —179°. 
With aqueous ferric sulphate it gives a violet-blue colour, which fades to nearly colourless in one 
or two minutes. With aqueous sodium cyanide an immediate pinkish-orange is obtained, which 
fades and is restored by shaking, and with vanillin an orange colour, soon changing to ruby red 
and then to magenta. The presence of pyrogallol and phloroglucinol groups is indicated. The 
substance has been acetylated under a variety of conditions, but the product was always a white 
amorphous powder which could not be induced to crystallise. With diazomethane an 
amorphous product was obtained, from which no crystalline fraction could be isolated. On 
hydrolysis of substance (4) by tannase, gallic acid and (—)-gallocatechin are obtained, both 
these substances and their acetates being positively identified by comparison of their Debye— 
Scherrer photographs with authentic specimens. Neither substance (4), nor the galloyl ester, 
substance (2a), gave entirely satisfactory carbon or hydrogen analyses, but molecular weight 
determinations by Barger’s isopiestic method (J., 1904, 85, 286) showed both substances to be 
monogalloyl esters. In neither case is there, at present, any evidence to show with which 
hydroxy] group of the gallocatechin moiety the gallic acid is combined. 

From an aqueous infusion of a Ceylon green tea, yields of the various catechins, as 
percentages of the total extractable polyphenols, were: (—)-gallocatechin, 11°7; (-+-)-gallo- 
catechin, 5°8; (—)-epicatechin, 3°2; substance (2X), 1:2; (—)-gallocatechin gallate, 36-0; 
substance (2a), 4°7, (—)-epicatechin gallate, 7°5. Results closely similar have been obtained by 
examination of another specimen of Ceylon green tea, a China (Young Hyson) green tea, and 
specimens of dried leaf from Ceylon and Assam. 

* Note added April 23rd, 1948.—Substance (2X) has now been obtained from water as minute needles, 
which on heating appear to lose water of crystallisation at ~100—110°. Slight decomposition begins at 
200° and becomes vigorous at 210—215°. The optical rotation is very low or zero. The acetyl derivative 
crystallises from aqueous acetic acid as white needles, m. p. 164—165° (Found: C, 59-9; H, 5-10. 


Calc. for C,,H,,0,,: C, 60-0; H, 4-83%). These properties and those recorded above agree with the 
properties of ( +-)-catechin, a usual concomitant of (—)-epicatechin in plant material (Freudenberg, 


Tannin, Cellulose, Lignin ’’, Berlin, 1933). 
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It has already been pointed out (Bradfield, Chem. and Ind., 1946, 242) that the rather scanty 
evidence available suggests some resemblance in regard to their polyphenol content between tea 
leaf and such widely differing leaves as those of oak and chestnut. This resemblance has been 
heightened by the discovery, according to a recent abstract, of ellagic acid in tea (Tsujimura, 
Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1941, 38, 487; Chem. Abs., 1947, 41, 5924). 

Light Absorption.—The tea catechins all absorb in the ultra-violet, showing a band at 
270—280 my; the band for (—)-gallocatechin gallate is bifurcated, however, with twin peaks at 
Amax. 275 mp and 279°5 my. In addition, in all cases very strong absorption takes place below 


about 240 mu. Data for tea catechins and some related simpler substances in alcohol solution 
are given in Table I. 


TABLE I. 
Emax.: Amax.- Emax.. Amax.- 
” Be’ errs 2600 278 (f) (—)-Gallocatechin ............ 1,340 271 
(b) ¢ Pyrogallol .............:..see0 800 266 (g) (+)-Gallocatechin ............ 1,290 271 
(c) t ret ae — “eee sennee 7900 272 (4) (—)-epiCatechin gallate ... 13,600 i 
* 5 : 7-Dihydroxy-2 : 2-di- , . 9,500 75 
) methylchroman ........-..- 624 272 ~~ (4) (—)-Gallocatechin gallate .... 9’o59 979.5 
(e) (—)-epiCatechin ............... 3300 280 (j) Substance (2a) .............., 13,600 276 


* Morton and Sawires, J., 1940, 1052. 
+ Goslawski and Marchlewski, Bull. Acad. Polonaise, 1931, A, 383. 


¢~ Hertzowna and Marchlewski, ibid., 1934, A, 55, give Emax, 7600, Amax. 265 mp for the aqueous 
solution. 


The catechin molecule may be considered to consist of two chromophores, the phloroglucinol 
and the catechol (or pyrogallol) nuclei, acting practically independently, and since these nuclei 
all absorb in the same region of the spectrum, the values of ¢,,,, 3300 for epicatechin and ¢,,,, 
1340 for gallocatechin correspond approximately with the sum of the values of ¢,,, for 
5 : 7-dihydroxy-2 : 2-dimethylchroman and catechol or pyrogallol respectively (a + d = 3224; 
b + d = 1424). The spectra of the acetyl derivatives are very similar to those of the parent 
catechins. The galloyl catechins show much higher values of ¢,,,, , a result to be expected from 
the introduction of a powerful chromophore. The values of ¢,,,, 9500 and 9250 for the twin 
peaks of gallocatechin gallate are very close to the sum of the values for the three chromophores 
in the molecule (b + c+ d= 9324). Acetylation of gallic acid results in the virtual 
disappearance of the band at A,,,, 272 my, only a point of inflexion remaining, with ¢ at this 
point decreased to 730. Correspondingly, the amorphous acetyl derivative of (—)-gallocatechin 
gallate shows only a point of inflexion at 4 270 my, with e decreased to 3000, the decrease being 
approximately equal to that resulting from acetylation of gallic acid. 

For (—)-epicatechin gallate, on the other hand, a single peak only is observed, at 2,,,, 280 mu. 
The value of the extinction coefficient depends on dilution, ¢,,, 11,600 at a concentration of 
1°47 x 10“ g./l. rising to e,,, 13,600 at half this concentration. In the presence of 
approximately 10-* m-hydrochloric acid, the latter value is reduced to ¢,,,, 12,200, suggesting that 
the anomaly is due to dissociation of the phenolic hydroxyl groups. The value of ¢,,,, obtained 
by summing the tabulated values for a, c, anddis 11,124. It is rather surprising to find that the 
absorption spectrum for substance (2a) consists of a single peak with ¢,,,, 13,600, Ana, 276 my, 
and thus resembles the spectrum of (—)-epicatechin gallate rather than that of (—)-gallocatechin 
gallate. Explanation of this anomaly must await more complete knowledge of substance (2a). 


EXPERIMENTAL. 
(Microanalyses are by Drs. Weiler and Strauss, Oxford.) 


Preparation of Silica Gel.—For the preparation of silica gel as described in Part I, water-glass sold by 
Messrs. Jos. Crosfield as “ special adhesive No. 2” is employed. With other commercial types of 
water-glass the method is not always applicable. 

best gerne of very fine particles in the purified gel retards the flow of solvent through a column 
prepared from the gel to an undesirable extent. Removal of a fine fraction by sifting (e.g., with a 
325-mesh sieve) is possible, but in practice clogging of the sieve is rather a handicap. We find 
sedimentation from water to be more convenient and more effective. For example, 100 g. of the purified 
silica, passing a 120-mesh sieve, is well stirred in a large beaker with 1300 c.c. of water. A the 
suspension has remained undisturbed for 5 minutes, the fluid portion is decanted into another beaker, 
and the residue filtered and dried (50 g.). After a further 30 minutes, decantation of the suspension 
yields a second sediment (35 g.). The first, coarser, sediment when used for a column permits very rapid 
passage of the solvent without noticeable loss of efficiency. With the second sediment rather lower rates 
are obtained, and the two materials can be mixed in suitable p ions to secure a desired rate. Using 
this sedimented silica, it is possible, because of the greater rate of flow, to effect two, three or four similar 
separations on one column within a working period of 8—10 hours, fresh portions of solution being placed 
on the column at such times that the first fraction from the new portion reaches the end of the column at a 
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convenient distance behind the last fraction of the previous portion of the solution. This practice of 
multiple addition results in a considerable saving of time and labour. 

Chromatographic Procedure.—The complete scheme for the separation of the tea catechins is shown 
below, the solvent used in each case being indicated. 











Ether-soluble polyphenols 
Column I 
Ether 
I 
| 
(c) by (a 
Column II 
Ether 
| | | 
(3 + 4) (2) (1) 
Column III Column IV 
EtOAc-CCl, EtOAc-CCl, 
| | | 
(4) (3) (2a) (2 + 2X) 
Column V 
Ether 


(2) d 


In general the apparatus and procedure were similar to those described in Part I, where details of 
Column I are given. The main data relating to Columns II—V are shown in Table II. In each case, 
(1) the tube used had an internal diameter of 3-1—3-3 cm., (2) the silica was mixed with 65% of its weight 
of water, (3) the developing solvent was the same as that used for making the solution. The ethyl 
acetate—carbon tetrachloride solvent used for columns III and IV was a mixture of these liquids in the 
proportions of 2: 1 by volume (d 1-121), saturated with water immediately before use. In using this 
solvent, the rubber bung at the top of the column was replaced by a waxed cork. The products were 
isolated by removal of the solvent mixture under reduced pressure in a carbon dioxide atmosphere, and 
washed out of the flask with ether, which was then evaporated at a low temperature. The recovered 
solvent was washed, dried, distilled, adjusted to the correct density, and saturated with water for further 
use. 

The position of the bands is indicated in Table II by the approximate values of R, and R, 
corresponding to the leading and rear edges respectively. These values vary somewhat for different 
specimens of silica, and depend to some extent on the relative amounts of the fractions. Although this 
is not shown by the approximate values of R given, the conditions are such that a small gap occurs 
between the fractions. In the case of column II, several narrow bands immediately ———— fraction (2), 
the last one overlapping it slightly. These bands arise from traces of green and yellow pigments, gallic 
acid and of two phenolic substances. 


TABLE II. 
Column Wt. of Fractions 

no. silica (g.). Solution. obtained. R,. R,. 
II 70 ‘0-5 G. fract. (a) in 10 c.c. ether { (a+ 4 ca =a 
3 0-58 0-47 
Ill 50 0-25 G. fract. (3 + 4) in5c.c. EtOAc-ccl { oan + 
IV 70 0-26. fract. (2) in 5c.c. EtOAcccl,  { @+2X) 085 — 0-55 
Vv 70 0-25 G. fract. (2 + 2X) in 5c.c. ether { oe ol oor 


(—)-epiCatechin Gallate.—Substance (2) (0-5 g.) crystallised from water (10 c.c.) as colourless needles, 
decomp. 252-254°, [a]#!” —190° (c, 0-25, in alcohol) (Found: C, 59-8; H, 4-40. Calc. for CyH,,O.9: 
C, 59-7; H, 410%). With ferric salt the aqueous solution gave a blue colour. No immediate colour 
was given on addition of aqueous sodium cyanide, but a yellow-orange colour which slowly developed 
did not fade. With vanillin-hydrochloric acid a red to magenta colour devel . The acetyl 
derivative crystallised from dilute acetic acid as silky white needles, m. p. 119-5—120-5°, [a]##” —96° 
(c, 0-56 in benzene). The properties correspond to those given by Tsujimura (occ. cit.) for (—)-epi- 
catechin et Te 

Action of Tannase on (—)-epiCatechin Gallate.—To a tannase solution prepared by rubbing up the 
dried mycelium (0-2 g.) of ergillus niger with water (9 c.c.) was added a solution of substance (2) 


As 
(0-1 g.). The solution, Boat with toluene, was kept at 30° for 10 days. The products were isolated by 
continuous extraction with ether for 72 hours, and the ether solution concentrated and chromatographed 
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(silica gel, 70 g.; water, 45-5 c.c.) with ether as developing solvent. Two bands corresponding to the 

assage of 255—322 c.c. and 515—663 c.c., respectively, of solvent through the column were obtained. 
— the first fraction, gallic acid, decomp. 245° (29 mg.), was obtained on evaporation. The product 
from the second band (40 mg.) yielded an acetyl compound, white needles, m. p. 151-5—152-5°, both 
alone and mixed with an authentic specimen of (—)-epicatechin acetate ny from the heartwood of 
Acacia catechu by the method of Freudenberg and Purrman (Amnalen, 1924, 487, 274). The identity of 
the two acetyl compounds was confirmed by comparison of their X-ray diagrams. 

Substance (2a).—The substance (0-15 g.) crystallised from water (0-2 c.c.) as minute needles, decomp. 
217—219°, [a]??" —46° (c, 0-43 in acetone) [Found: C, 56-6; H, 4-42; M, 436 (acetone), 431 (methyl 
ethyl ketone). C,,H,,0,, requires C, 57-6; H, 396%; M, 458]. The acetyl derivative could not be 
obtained crystalline. 

Action of Tannase on Substance (2a).—A solution of substance (2a) ye g-) in water (2 c.c.) was 
treated with a solution prepared from dried mycelium of A. niger (0-3 g.) and kept at 30° for 14 days. 
The products, after extraction with ether, were chromatographed (silica, 40 g., water, 26 c.c.), and 
yielded two bands corresponding to the passage of 119—209 c.c. and 642—876 c.c. of solvent respectively. 
From the first of these fractions gallic acid was isolated (32-5 mg.) and from the second, substance (2b) 
(53 mg.), which crystallised from water as minute needles, decomp. 200—205°, [a]p +0-0° (c, 0-9 in 
alcohol). It yielded an acetyl derivative, m. p. 140—142° (Found: C, 58-2; H, 5-17. C,,H,,0,, 
requires C, 58-1; H, 4-69%). 

(—)-epiCatechin.—Substance (3) crystallised from water in rectangular tablets, decomp. 236—237°, 
and yielded an acetyl derivative, m. p. 151—152-5°, both alone and mixed with authentic (—)-epicatechin 
acetate. The identity of the two acetates was further confirmed by the X-ray method. 

(—)-Gallocatechin Gallate-—Substance (4) (0-19 g.) crystallised from water (0-6 c.c.) as white needles 
which very readily became brown on exposure to air and light, decomp. 215—216°, [a]#° —179° (c, 0-28 
in alcohol) [Found : C, 56-9; H, 4-55; M, 443 (acetone), 437 (methyl ethyl ketone). C,,H,,0,, requires 
C, 57-6; H, 396%; M, 458]. Acetylation and methylation products could not be obtained crystalline. 

Action of Tannase on (—)-Gallocatechin Gallate.—To substance (4) (0-4 g.) in water (4 c.c.) was added a 
tannase solution from dried mycelium of A. niger (0-4 g.) and water (15 c.c.) and a few drops of toluene. 
After being kept at 30° for 7 days, the solution was extracted with ether, and the ether solution 
concentrated and chromatographed on a column prepared from silica (40 g.) and water (26 c.c.). Two 
bands only were observed, corresponding to the ——- of 111—206 c.c., and 1232—1929 c.c., 
respectively, of ether through the column. From the first of these fractions gallic acid (0-115 g.), decomp. 
245° (triacetate, m. p. 168—169°, both alone and mixed with an authentic specimen), was isolated. The 
substance (0-16 g.) isolated from the second fraction crystallised from water, decomp. 212—215°, and 
yielded an acetyl derivative, m. p. 191—193°, both alone and mixed with authentic (—)-gallocatechin 
hexa-acetate. The identity of both hydrolysis products was conclusively established by the X-ray 
method. 

Molecular Weights.—Barger’s method (loc. cit.) was followed, — that longer slugs (0-3—1-0 cm.) 
of the solutions were used, and measurements made with a travelling microscope. The liquid was 
introduced into the capillary by connecting it by means of narrow rubber tubing to the upper end of an 
apparatus constructed as follows. To the lower end of a thick-walled glass tube (30 cm. lens, 0-2 cm. 
internal diameter), held vertically, a 3-inch length of rubber tubing, closed by a piece of glass rod, was 
attached. By pressure from a screw clip, water contained in the rubber tube was forced into the glass 
tube, and by subsequent manipulation of the screw clip, slugs of the required solutions could be easily 
drawn into, and ‘moved up, the attached capillary. Solutions of pyrogallol were used as reference 
solutions. Final readings were taken with acetone as solvent after 15—18 hours, with methyl ethyl 
ketone after 18—40 hours. 

Debye—Scherrer Photographs.—Powdered specimens of gallic acid, its acetyl derivative, and 
(—)-epicatechin acetate were made into solid cylinders (~0-3 mm. diameter) with gum tragacanth and 
water, and photographed by the procedure described in Part I, except that the specimens were not 
rotated. The remaining specimens were mounted in Lindemann glass and Perspex capillary tubes 
(~0-25 mm. internal diameter), and photographed using copper-Ka nickel-filtered radiation 
(A = 1-539 4X) from an X-ray tube operated at 40 ma. and 32 kv., the specimens being rotated 
throughout the exposures. Cylindrical cameras, 6 cm. and 9 cm. diameter, and a quarter-plate camera 
with a specimen-to-film distance of 5-25 cm., were used. Exposure times ranged from 2 to 16 hours. 
Interplanar spacings in kX units and relative intensities were derived as before (D = diffuse, S = strong, 
M = medium, W = weak, V = very, F = fairly). 


Gallic acid. 
7-45 (M.) 5-48 (S.) 4-67 (M.) 4-49 (M.) 3-61 (V.W.) 3-49 (F.S.) 
3-34 (V.W.) 3-21 (V.S.) 3-12(V.W.) 3-01 (W.) 2-84 (M.) 2-73 vw 
2-59 (W.) 2-51 (W.) 2-45 (W.) 2-39 (W.) 2-32 (V.W.) 2-18 (V.W 
2-09 (W.) 


This pattern was given both by an authentic specimen and by gallic acid obtained by hydrolysis of 
(—)-gallocatechin gallate. 


Triacetylgallic acid. 
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(—)-epiCatechin gallat 


& 


7-97 (V.W. 7-03 (V.W.) 6-37 (M.) 5-87 (V.W.) 5-46 (V.W.) 5-20 (V.S.) 
5-02 (V.W. 4-82 (V.W.) 4-62 (W.) 4-38 (W.) 4-21 (W.) 4-03 (V.W.) 
3-95 (V.W.) 3-80 (S.) 3-69 (V.W.) 3-47 (V.W.) 3-38 (S.) 3-25 (W.) 
3-10 (M. 2-95 (V.W.) 2-84 (M.) 2-75 (W.) 2-61 (W.) 2-49 (W.) 
2-37 (M. 2-26 (W. 2-23 (V.W.) 2-11 (M.) 2-04 (W.) 1-99 (W.). 
1-96 (V.W. 1-92 (W. 1-87 (W.) 1-81 (V.W. 1-71 (D.W.) 1-62 (D.W.) 
1-59 (V.W. 1-56 (V.W.) 1-18 (V.W.) 1-14 (V.W. 
Substance (2a). 
10-8 (M.) 8-41 (D.W.) 7-32 (D.W.) 7-00 (W.) 6-62 (V.W.) 5-93 (M.) 
5-41 (M.) 5-12 (V.W.) 4-69 (M.) 4-46 (V.W.) 4-21 (S.) 3-97 (V.W.) 
3-80 (V.S.) 3-62 (W.) 3-37 (D.F.S.) 3-14 (W.) 2-98 (W.) 2-88 (W.) 
2-74 (M.) 2-63 (D.W.) 2-57 (W.) 2-46 (V.W.) 2-38 (W. 2-32 (V.W.) 
2-27(V.W.) 2-10 (W.) 2-05 (W.) 1-91 (W.)} 1-86 (W. 
Acetyl derivative of substance (2b) 
14-8 (V.W.) 13-0 (V.S.) 11-0 (W.) 9-7 (V.W.) 8-95 (V.S. 8-11 (V.W.) 
7-52 (M.) 6-92 (W.) 6-40 (V.W.) 6-05 (V.W.) 5-49 (F.S. 6-11 (F.S. 
4-95 (V.S.) 4-69 (M.) 4-41 (F.S.) 4-24 (F.S.) 4-11 (F.S. 3-93 (F.S. 
3-81 (F.S.) 3-62 (V.W.) 3-52 (V.W. 3-45 (S.) 3-37 (W.) 3-24 (V.W.) 
3-11 (V.W.) 2-92 (M.) 2-76 (V.W. 2-61 (V.W.) 2-52 (V.W.) 2-45 (V.W. 
2-28 (D.W.) . 2-18 (W.) 2-08 (W.) 2-00 (D.W.) 1-86 (D.W.) 1-79 (V.W. 
1-73 (D.W.) 
(—)-epiCatechin acetate. 
16-3 (F.S.) 13-16 (W.) 9-90 (M.) 8-66 (W.) 7-36 (W.) 6-55 (M.) 
6-24 (M.) 5-70 (W.) 5-42 (M.) 5-20 (W. 4-93 (M.) 4-76 (M.) 
4-52 (W.) 4-30 (S.) 4-19 (S.) 4-00 (W. 3-80 (W.) 3-61 (S.) 
3-40 (M.) 3-27 (W.) 3-10 (V.W.) 


This pattern was given by the acetyl derivatives of (—)-epicatechin from Acacia catechu, substance 
(3), and an hydrolysis product of substance (2). 


(—)-Gallocatechin gallate. 


10-3 (M.) 8-58 (W.) 7-34 (M. 6-77 (V.W. 6-22 (V.W. 5-96 (V.W.) 
5-66 (M.) 5-43 (V.W.) 5-21 (M. 5-01 (V.W. 4-84 (V.W. 4-56 (F.S.) 
4-42(V.W.) 4-29 (F.S.) 4-13 (F.S.) 3-95 (V.W.) 3-86 (V.W.) 3-76 (W.) 
3-63 (V.S.) 3-44 (S.) 3-37(V.W.) 3-19 (M. 3-09 (F.S.) 3-01 (W.) 
2-86 (W.) 2-75 (W.) 2-65 (W.) 2-53 (M. 2-45 (V.W. 2-43 (F.S.) 
2-32 (D.W.) 223 (V.W.) 2-15 (M.) 2-04 (W.) 2-00 (V.W. 1-94 (M.) 
1-89 (w.) ' 1-85 (V.W.) 1-80 (V.W.) _—-:1-77 (V.W.) 1-68 (D.W. 1-61 (V.W.) 


This work was carried out partly under the auspices of the Research Committee of the Indian Tea 
Association and partly as an investigation by the Laboratories of J. Lyons and Co. Ltd. The authors 
wish to thank Miss D. M. Brasher and Miss B. A. Jackman for the spectrophotometric work, and Miss 
W. B. bee) = for the Debye—Scherrer photographs. They also wish to thank Dr. L. H. Lampitt for his 
continued interest. 


INDIAN TEA ASSOCIATION. 
Lyons LABORATORIES. (Received, February 28th, 1948.] 





457. Furano-compounds. Part VII. A Synthesis of 
2 : 3-Dihydropsoralene. 
By R. T. Foster, ALEXANDER ROBERTSON, and (in part) ANIs BusHRA. 


The product obtained by the application of Gattermann’s aldehyde synthesis to 6-hydroxy- 
3-methylcoumarone has been shown to be the 2-formyl derivative. Attempts to prepare 
6-hydroxy-2-carbethoxy-5-formylcoumarone required for the synthesis of psoralene were 
unsuccessful, but dihydropsoralene and its 3-methyl derivative have been synthesised from the 
requisite coumarans. 


In the course of synthetical experiments in this group of compounds, it has been established that 
the application of the Gattermann reaction for the synthesis of aldehydes to 3-methyl- 
coumarones, having a free 2-position, invariably gives rise to the 2-formyl derivatives (J., 1938, 
306; 1939, 92, 1594; and unpublished work) and consequently it became clear that 
o-hydroxyaldehydes of the type (II) required as intermediates for the rational synthesis of 
furanocoumarins by the route employed in the case of allobergapten (Part IV, J., 1939, 930) 
_ cannot be obtained by this procedure unless the 2-position of the coumarone ring is first 
protected by a group which can be conveniently eliminated at a later stage in the synthesis. 
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This conclusion was clearly at variance with the claims of Karrer and his co-workers (Helv. 
Chim. Acta, 1920, 8, 541) who, in the course of attempts to synthesise furanocoumarins of the 
bergapten type, applied the Gattermann reaction to 6-hydroxy- and to 6-hydroxy-3-methyl- 
coumarone, obtaining products which they considered to have structures (II; R= H) and 
(Il; R = Me). When it was found that the aldehydes gave the corresponding acrylic acids by 
the Perkin reaction but not the expected coumarins, these authors suggested that the failure of 
the latter acids to undergo cyclisation was due to their existence as trans-isomerides (compare 
Karrer and co-workers, Helv. Chim. Acta, 1921, 4, 718). Before proceeding with synthetical 
work on psoralene and related furanocoumarins it seemed desirable to re-examine the aldehydes 
obtained from (I; R = H) and (I; R = Me), more especially in view of the claim of Ray and 
his co-workers (J., 1935, 813) that the acrylic acid obtained by the hydration of 3’-methyl- 
furano(5’ : 4’ : 7: 6)coumarin in ultraviolet light was identical with that synthesised by the 
Swiss workers from the aldehyde which they considered to have formula (II; R = Me). 


H HO HO? \\cxo 
ean OH, ‘oo \ ume 
(I.) (II.) (III.) 


In agreement with the earlier results obtained in these laboratories (loc. cit.), the aldehyde 
from 6-hydroxy-3-methylcoumarone (I; R= Me), which appears to be identical with that 
described by Karrer and his co-workers (loc. cit.), has been shown to have the structure (III), 
since on oxidation its acetate gave rise to 6-acetoxy-3-methylcoumarone-2-carboxylic acid, identical 
with the acetate of an authentic specimen of 6-hydroxy-3-methylcoumarone-2-carboxylic acid. 
Consequently, the acrylic acid and its methyl ether (Karrer and co-workers, Joc. cit.) formed 
from the aldehyde (III) by Perkin’s method is 6-6-hydroxy-3-methylcoumarone-2-acrylic acid 
and its methyl ether. Unlike Karrer and his co-workers, we failed to obtain a crystalline 
product by application of the Gattermann reaction to 6-hydroxycoumarone (I; R = H) with or 
without zinc chloride or aluminium chloride as an auxiliary condensing agent (compare Part II, 
J., 1939, 921). It seems probable that in our experiments the initial condensation product was 
the required aldimine but that the hydrolysis of the latter was accompanied by polymerisation 
of the resulting aldehyde (compare thiophen, Barger and Sasson, /J., 1938, 2600; and 
4-hydroxycoumarone, Manjunath e¢ al., Ber., 1939, 72, 93). 
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A further example of the behaviour of coumarones of the type (I) when subjected to 
Gattermann’s aldehyde synthesis is seen in the case of 3 : 6-dimethylcoumarone which gives rise 
to 2-formyl-3 : 6-dimethylcoumarone (IV), the orientation of which is established by its oxidation 
to 3 : 6-dimethylcoumarone-2-carboxylic acid (V; R = H), identical with a specimen prepared by 
cyclisation of ethyl 2-acetyl-5-methylphenoxyacetate (VI) and hydrolysis of the resulting ester 
(V; R=Et). 3: 6-Dimethylcoumarone-2-acetic acid, an analogue of pyrousnic acid, was 
synthesised from 2-formyl-3 : 6-dimethylcoumarone (IV) according to the general method 
(J., 1938, 306). 


Ph-CHy0/ N O-CH,-CO,R Ph-CH,-07 R HO? CO,Et 
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In deciding to attempt a synthesis of psoralene by the route employed for allobergapten 
(Part IV, loc. cit.), i.e. by way of the aldehyde (IX; R = H, R, = CHO), we expected to be 
able to prepare the latter compound by application of the Gattermann reaction to 6-hydroxy-2- 
carbethoxycoumarone (IX; R= R, =H), which was obtained by the cyclisation of the 
phenoxyacetate (VII; R = Et) with alcoholic sodium ethoxide and subsequent debenzylation of 
the resulting carbethoxycoumarone (VIII; R= CO,Et) by hydrogenolysis. It was found, 
however, that (IX; R = R, = H) as well as its homologue (IX; R = Me, R, = H), prepared 
in a similar way from the ester (KV; R = Et), failed to yield formyl derivatives when subjected 
to Gattermann’s reaction or the usual variations of it. In connection with the hydrogenolysis 
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of (VIII; R = CO,Et) with a palladium—charcoal catalyst it is noteworthy that, as in the case of 
2-carbethoxy-6-benzyloxy-4-methoxycoumarone (Part IV, Joc. cit.), the a-carbethoxy-group in 
(VIII; R= CO,Et) inhibits the hydrogenation of the double bond of the furan residue. 
Moreover, in the present instance this inhibitory effect is sufficient to allow the hydrogenation of 
(VIII; R=CO,Et) by means of Adams’s platinum catalyst with the formation of 
2-carbethoxy-6-hexahydvobenzyloxycoumarone, in which the retention of the furan ring is confirmed 
by the fact that this product gives the same intense sulphuric acid reaction as the parent 
substance (VIII; R = CO,Et). Under the conditions employed, this platinum catalyst does 
not effect hydrogenolysis of benzyl ethers. 


"< Hy, Pac oH Ph-CH,: x07 jo O-CH,CO.R 
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Having failed to obtain the required intermediate aldehyde, we abandoned for the present 
the project of synthesising psoralene by the route employed for allobergapten (loc. cit.) and 
turned our attention to a rational synthesis of its 2 : 3-dihydro-derivative (XIV; R = R, = H) 
which Spath and his co-workers (Ber., 1936, 69, 1087) have shown can be dehydrogenated to 
yield psoralene. This objective was achieved as follows. 6-Benzyloxycoumarone (VIII; 
R = H) was prepared by cyclisation of 5-benzyloxy-2-formylphenoxyacetic acid (VII; R = H) 
with simultaneous decarboxylation of the resulting acid (VIII; R= CO,H) and on 
hydrogenation gave rise to 6-hydroxycoumaran in good yield. The aldehyde obtained from the 
latter compound is shown to have. the structure (X; R = CHO) because on reduction by 
Clemmensen’s method it yielded 6-hydroxy-5-methylcoumaran (X; R = Me), identical with a 
specimen prepared from (XI) by way of the stages (XII; R = Et), (XII; R = H), and (XIII). 
The condensation of (X; R = CHO) with cyanoacetic acid followed by hydrolysis of the initial 
product gave rise to the acid (KIV; R = CO,H, R, = H), and on decarboxylation the latter 
furnished dihydropsoralene (XIV; R = R, = H) which was dehydrogenated by being heated 
with palladium-black, yielding psoralene. 
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Similarly 3’-methyldihydropsoralene (KIV; R =H, R, = Me) was synthesised from ethyl 
5-benzyloxy-2-acetylphenoxyacetate (KV; R = Et) by way of the stages (XV; R= H), (XVI; 
R = CH,Ph, R, = H), (XVII; R=H), (XVII; R = CHO), and (XIV; R=CO,H, R, = Me). 

In connection with the latter synthesis it may be noted that Karrer and Widmer (Helv. 
Chim. Acta, 1919, 2, 454) claim to have obtained 6-hydroxy-3-methylcoumaran (XVII; R = H), 
m. p. 96°, by reduction of 6-hydroxy-3-methylcoumarone (I; R = Me), m. p. 103°, with sodium 
and alcohol and from this reduction product to have prepared the aldehyde (XVII; R = CHO), 
m. p. 185°. Repeated attempts in this laboratory to reduce 6-hydroxy-3-methylcoumarone 
according to the directions of the Swiss workers gave only slightly impure starting material, 
m. p. 98—100°. Qn the other hand, hydrogenation of 6-benzyloxy-3-methylcoumarone (XVI; 
R = CH,Ph, R, = H) gave rise to 6-hydroxy-3-methylcoumaran (XVII; R =H), m. p. 62°, 
which furnished the aldehyde (XVII; R = CHO), m. p. 74°. The orientation of the latter 
compound is established by the fact that on reduction it yields 6-hydroxy-3 : 5-dimethylcoumaran 
(XVII; R= Me), identical with a specimen obtained by simultaneous hydrogenation and 
debenzylation of 6-benzyloxy-3 : 5-dimethylcoumarone (XVI; R = CH,Ph, R, = Me). In our 
opinion the aldehyde, m. p. 185°, obtained in small yield by Karrer and his co-workers is clearly 
the 2-formylcoumarone (III), formed from unchanged (I; R = Me). 
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In the synthesis of (XVI; R = CH,Ph, R, = Me) the ketone (XVIII) was converted into 
the monobenzyl ether (XIX), and on condensation with ethyl bromoacetate by the potassium 
carbonate—acetone method this ether (XIX) gave rise to the phenoxy-ester (XX; R= Et), 
which on hydrolysis furnished the acid (KX; R=H). Cyclisation of the latter compound by 
the standard procedure yielded the coumarone (XVI; R= CH,Ph, R, = Me). The 


orientation of (XX; R = Et) and consequently of (XIX) follows from the successful conversion 
of the acid (XX; R = H) into a coumarone. 


EXPERIMENTAL. 


2-Carbethoxy-6-benzyloxycoumarone (VIII; R = CO,Et).—Interaction of 2-hydroxy-4-benzyloxy- 
benzaldehyde (10 g.), ethyl bromoacetate (8-5 g.), and potassium carbonate (15 g.) in boiling acetone 
(100 ml.) during 3 hours gave ethyl 5-benzyloxy-2-formylphenoxyacetate (VII; R = Et) which formed 
needles (12 g.), m. p. 88°, from light petroleum (b. p. 60—80°) (Found: C, 68-7; H, 5-8. C,,H,,0 
requires C, 68-8; H, 5-7%). On addition of alcoholic sodium ethoxide (from 0-75 g. of sodium and 
50 ml. of alcohol) a solution of the foregoing ester (10 g.) in alcohol (175 ml.) became yellow and in the 
course of 5 minutes deposited a yellow amorphous solid which dissolved on dilution with water and was 
replaced by a crystalline precipitate of ethyl eee Sees lee R = CO,Et). 
Recrystallised from aqueous alcohol, this compound formed colourless plates (6-5 g.), m. p. 94°, having a 
violet, becoming blue-violet, sulphuric acid reaction (Found: C, 73-0; H, 5-5. C,,H,,O, requires 
C, 73-0; H, 5:4%). The yield of this product was not improved by the use of potassium ethoxide. 
Acidification of the aqueous alcoholic liquors with hydrochloric acid furnished 5-benzyloxy-2-formyl- 
gare acid (VII; R = H) which separated from water in needles, m. p. 145° (Found: C, 67-2; 

. 4-8. C,,H,,0; requires Cc, 67-1 > H, 49%). 

Debenzylation of the ester (VIII; R = CO,Et) (2 g.), dissolved in acetic acid (50 ml.), was effected 
with hydrogen and a palladium-charcoal catalyst (from 0-2 g. of palladium chloride and 2 g. of charcoal) 
in 15 minutes, and on isolation 6-hydroxy-2-carbethoxycoumarone (IX; R = R, = H) formed colourless 
plates (1-2 g.), m. p. 156°, from aqueous alcohol (Found: C, 64-5; H, 5-0. C,,H,,.O, requires C, 64-1; 
H, 40%). A solution of the compound in warm sulphuric acid became blue-violet and then purple. 
Formed by the pyridine method, the acetate was obtained in rectangular plates, m. p. 104°, from alcohol 
(Found : C, 62:7; H, 4-9. C,3H,,O, requires C, 62-9; H, 4-8%). 

When 6-benzyloxy-2-carbethoxycoumarone (1 g.) was hydrogenated with a platinum oxide catalyst 
oe g.) in acetic acid (30 ml.) during 24 hours, a compound was obtained which appeared to be 

-carbethoxy-6-hexahydrobenzyloxycoumarone, forming plates (0-5 g.), m. p. 91°, from alcohol (Found: 
C, 71-4; i, 7-3. C,,H,,O, requires C, 71:5; H, 7-3%). That the furano-system had not been 
hydrogenated was shown by the fact that the compound gave the same intense blue-violet sulphuric acid 
reaction as the parent substance. 

Hydrolysis of 6-hydroxy-2-carbethoxycoumarone (5 g.) with 2N-aqueous sodium hydroxide (100 ml.) 
on the steam-bath for 4 hour gave 6-hydroxy-2-carboxycoumarone, m. p. 257—259°, after purification 
from water (compare Karrer e¢ al., loc. cit.), which yielded the acetate, forming rectangular prisms, m. p. 
213°, from aqueous acetone (Found: C, 60-0; H, 3-8. C,,H,O, requires C, 60-0; H, 3-6%). 
Decarboxylation of this acid (2 g.) in boiling quinoline (10 ml.) containing copper-bronze (2 g.) was 
complete in 10 minutes, and on isolation the resulting 6-hydroxycoumarone was purified by distillation 
in a high vacuum and then by crystallisation from light petroleum (b. p. 40—60°), forming long needles 
m. p. 56° (compare Karrer et al., loc. ~*~ 

6-Hydroxy-5-formylcoumaran (X; = CHO).—On being refluxed with acetic anhydride (100 ml.) 
and sodium acetate (25 g.) 5-benzyloxy-2-formylphenoxyacetic acid (VII; R = H) (10 g.) gave an oil 
which on distillation in a high vacuum furnished 6-benzyloxycoumarone (VIII; R =H) (6 g.), b. p. 
140—142°/0-3 mm., m. p. 39°, having a cherry-red sulphuric acid reaction (Found: C, 80-3; H, 5-4. 
C,,H,,0, requires C, 80-4; H, 5-4%). Hydrogenation and simultaneous debenzylation of this ether 
(3 g.), dissolved in acetic acid (50 ml.), with hydrogen and a palladium-charcoal catalyst gave 6-hydroxy- 
coumaran (X; R = H) (1-5 g.), m. p. 60°, which furnished a p-nitrobenzoate, forming rectangular plates, 
m. p. 179°, from alcohol (Found: C, 62-8; H, 3-9; N, 5-1. C,;H,,O,N requires C, 63-2; H, 3-9; 
N, ae) (compare Spath and co-workers, Ber., 1936, 69, 1087, who give the m. p. of 6-hydroxycoumaran 
as 61°) 


Condensation of 6-hydroxycoumaran (2 g.) and hydrogen cyanide (2 ml.) was effected in ether (75 ml.) 
with zinc chloride (2 g.) and excess of hydrogen chloride. Next day the purple aldimine was isolated and 
hydrolysed with water (100 ml.) on the steam-bath for 20 minutes, giving the 5-aldehyde, which formed 
colourless rectangular Bags: (2 §), m. p. 113°, from aqueous alcohol and had a red-brown ferric reaction 
in alcohol (Found: C, 65-8; H, 5-1. C,H,O, requires C, 65-7; H, 40%). The 2 : 4-dinitrophenyl- 
hydrazone separated from ethyl acetate in red needles, m. p. 274° (Found: N, 16-2. C,,H,,0,N, requires 

, 16-3%). 

a 3 3°-Dihydrofurano(4’ : 5°: 6: 7)coumarin (Dihydropsoralene) (XIV; R=R, =H). (With 
J. B. D. MacKenziz).—A solution of the foregoing aldehyde (X; R = CHO) 4 g.) in 20% aqueous 
sodium hydroxide (10 ml.) was treated with aqueous cyanoacetic acid (7 ml. of Phelps and Tillotson’s 
solution, Amer. J. Sci., 1908, 26, 267). Next day the sodium salt of the salicylidenecyanoacetic acid was 
dissolved by addition of water (10 ml.) to the mixture, and the yellow product was precipitated with 
concentrated hydrochloric acid and boiled with n-hydrochloric acid (100 ml.) for 4 hour. On isolation 
the resulting coumarin-3-carboxylic acid (XIV; R = CO,H, R, = H) formed almost colourless rectangular 
ae (1-2 g.), m. p. 244° (decomp.), from ethyl acetate (Found: C, 62-2; H, 3-6. C,,H,O, requires 

, 62-1; H, 35%). A mixture of this acid (0-8 g.), epee (1 g.), and quinoline (4 ml.) was 
gently boiled (oil-bath) for 10 minutes, cooled, and diluted with ether, and the product was filtered off 
and washed with dilute hydrochloric acid, followed by aqueous sodium hydroxide and then water. 
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Evaporation of the dried ethereal solution left dihydropsoralene which, after sublimation in a high 
vacuum at 140—150°/0-1 mm., formed rectangular prisms, m. p. 200°, from alcohol (Found: C, 70-4; 
H, 44. Calc. for C,,H,O,: C, 70-2; H, 4:3%) (Spath et al., loc. cit., give m. p. 204°). An intimate 
mixture of dihydropsoralene (0-3 g.) and Willstatter palladium-black (0-3 g.) was kept at 170—180° for 
1l hours. On isolation, the resulting psoralene was purified by sublimation in a vacuum and then by 
crystallisation from water, forming needles, m. p. 167° (compare Spath e al., loc. cit.). 

Application of the Perkin reaction to 6-hydroxy-5-formylcoumaran gave rise to a mixture containing 
p-6-acetoxycoumarone-5-acrylic acid, forming prismatic needles, m. p. 197°, from aqueous acetone (Found : 
C, 63-0; i. 4- C,,;H,,0, requires C, 62-9; H, 4-8%), along with unchanged aldehyde and its acetate. 
The latter derivative was characterised by formation of the 2 : 4-dinitrophenylhydrazone, which separated 
from acetic acid in orange-red prisms, m. p. 266° (Found: C, 53-0; H, 3-8; N, 14-7. C,,H,,0,N, 
requires C, 53-1; H, 3-9; N, 145%). 

5-Benzyloxy-2-formyl-4-methylphenoxyacetic Acid (XII; R = H).—The condensation of 4-methyl- 
resorcinol (9 g.) and hydrogen cyanide (8 ml.) in ether (200 ml.) was effected with hydrogen chloride, and 
the resulting aldimine hydrolysed with water (200 ml.) on the steam-bath for 4 hour, giving 5-methyl- 
resorcylaldehyde, which formed plates (7 g.), m. p. 146°, from benzene (compare Gattermann, Annalen, 
1907, 357, 340). A mixture of this aldehyde (3 g.), benzyl bromide (3-7 g.), potassium carbonate (5 g.), 
and acetone (50 ml.) was refluxed for 4 hours. On isolation, the solid product was dissolved in ether 
(250 ml.), the solution was extracted with dilute aqueous sodium hydroxide (200 ml. x 2), the combined 
extracts were acidified with dilute hydrochloric acid, and the precipitate collected, washed, and 
crystallised from dilute alcohol, giving 4-O-benzyl-5-methylresorcylaldehyde (XI) in colourless needles 
(1-5 g.), m. p. 65° (Found: C, 74:0; H, 6-0. C,,H,,O, requires C, 74-4; H, 5-8%). This compound 
gives a dark reddish-purple ferric reaction in alcohol. 

Interaction of this aldehyde (2 g.), ethyl bromoacetate (1-5 g.), and potassium carbonate (3 g.) in 
boiling acetone (50 ml.) during 7 hours gave rise to ethyl 5-benzyloxy-2-formyl-4-methylphenoxyacetate 
(XII; R = Et) which formed colourless prisms (2 &), m. p. 93°, from dilute alcohol, having a negative 
ferric reaction (Found: C, 69-6; H, 6-0. C,,H,.O, requires C, 69-5; H, 6-1%). A solution of this 
ester (2 g.) in alcohol (30 ml.) and water (20 ml.) containing potassium hydroxide (2-5 g.) was refluxed 
for 4 hour, the greater part of the alcohol was removed in a vacuum, and the residual liquor was cooled 
and acidified with dilute hydrochloric acid. Crystallisation of the resulting precipitate from ethyl 
acetate-light petroleum (b. p. 60—80°) gave the acid gt R = H) in colourless needles (1-5 g.), 
m. p. 185° (Found: C, 67-9; H, 5-2. C,,H,,O0, requires C, 68-0; H, 5-3%). 

6-Hydroxy-5-methylcoumaran (X; R = Me).—(A) A mixture of the foregoing acid (2 g.), sodium 
acetate (5 g.), and acetic anhydride (20 ml.) was refluxed (oil-bath) for 4 hour, and the mixture diluted 
with water (200 ml.). Three days later the product was collected, washed with aqueous sodium hydrogen 
carbonate, dried, and distilled in a high vacuum, giving 6-benzyloxy-5-methylcoumarone (XIII), b. p. 
110°/0-03 mm., which formed colourless needles (1-0 g.), m. p. 38°, from 50% acetic acid, having a 
port-wine sulphuric acid reaction (purple in warm acid) (Found: C, 80-4; -H, 6-0. C,,H,,O, requires 
C, 80:7; H, 58%). Hydrogenation of this compound (1 g.), dissolved in acetic acid (150 ml.), with 
hydrogen and a palladium-charcoal catalyst (from ! g. of charcoal and 0-1 g. of palladium chloride) gave 
rise to 6-hydroxy-5-methylcoumaran, which was isolated by evaporation of the filtered reaction mixture, 
washed with aqueous sodium hydrogen carbonate, and crystallised from carbon tetrachloride, forming 
colourless, irregular plates (0-5 g.), m. p. 154° (Found: C, 71-9; H, 6-8. C,H,,O, requires C, 72-0; 
H, 6-7%). This substance is soluble in alcohol, ethyl acetate, or benzene and has a negative ferric 
reaction and a negative sulphuric acid reaction. The p-nitrobenzoate of this coumaran formed pale 
yellow, hexagonal plates, m. p. 176°, from alcohol (Found: N, 4-7. C,.H,,;0,N requires N, 4-7%). 

(B) A mixture of 6-hydroxy-5-formylcoumaran (2 g.), zinc amalgam (from 16 g. of zinc), concentrated 
hydrochloric acid (16 ml.), and water (15 ml.) was refluxed for 8 hours, and the product isolated by means 
of ether. Crystallised from carbon tetrachloride, the resulting 6-hydroxy-5-methylcoumaran formed 
colourless plates (1-3 g.), m. p. 154°, identical in every way with a specimen prepared by method (A) 
(Found : C, 71-7; H, 6-6%). 

6-Hydroxy-2-formyl-3-methylcoumarone (III).—This aldehyde, m. p. 182—183° (slight decomp.), 
which was prepared according to the directions of Karrer and Widmer (loc. cit.) who give m. p. 181°, did 
not give a ferric reaction and on acetylation by the pyridine method furnished the acetate, forming needles, 
m. p. 117°, from alcohol, which on being kept in contact with the solvent changed into diamond-shaped 
plates, m. p. 117° (Found: C, 66-1; H, 4-5. C,,H,)O, requires C, 66-1; H, 4:5%). The 2: 4-diniiro- 
ee age of the latter derivative separated from ethyl acetate in red needles, m. p. 275° (Found : 

, 14:2. C,,H,,0,N, requires N, 14-1%). The oxime of (III), which separated from water in long 
needles, had m. p. 186°, as given by Karrer and Widmer (loc. cit.). 

Potassium permanganate (0-3 g.), dissolved in water (12 ml.), was gradually added to a solution of the 
acetate of the aldehyde (0-5 g.) in acetone (15 ml.), and 4 hour later the mixture was cleared with sulphur 
dioxide and 6-acetoxy-3-methylcoumarone-2-carboxylic acid mixed with unchanged aldehyde was 
precipitated with water. Purified with the aid of aqueous sodium hydrogen carbonate, the acid formed 
rectangular prisms, m. p. 226°, from ethyl acetate, identical in every way with a specimen obtained by 
acetylation of authentic 6-hydroxy-3-methylcoumarone-2-carboxylic acid (Found: C, 61-4; H, 4-6. 
C,.H4O, requires C, 61-5; H, 43% . 

6-Hydroxy-3-methylcoumaran (XVII; R = H).—A mixture of 2-hydroxy-4-benzyloxyacetophenone 
(J., 1937, 1530) (10 g.), ethyl bromoacetate (5-5 ml.), potassium carbonate (15 g.), and acetone (100 ml.) 
was refluxed until a sample of the product did not give a ferric reaction (about 5 hours). The resulting 
ethyl 5-benzyloxy-2-acetylphenoxyacetate (XV; R = Et) was obtained on evaporation of the filtered 
solution and trituration of the residue with water, and - from alcohol, forming rectangular 
prisms (12 g.), m. p. 124° (Found: C, 69-5; H, 6-1. C,,H,.O, requires C, 69-5; H, 6-1%). On 
hydrolysis with warm 4% aqueous-alcoholic sodium hydroxide (250 ml.) for 10 minutes this ester (10 g.) 
gave the phenoxyacetic acid (XV; R =H), forming rectangular plates (8-5 g.), m. p. 143°, from dilute 
acetic acid (Found: C, 68-1; H, 5-5. C,,H,,O, requires C, 68-0; H, 53%). Simultaneous cyclisation 























[1948] Furano-compounds. Part VII. 2259 


and decarboxylation of this acid (10 g.) was effected with boiling acetic anhydride (100 ml.) and sodium 
acetate (25 g.) during 4 hour, and on isolation the resulting 6-benzyloxy-3-methylcoumarone (XVI; 
R = CH,Ph, R, = H) separated from 80% acetic acid in rectangular prisms (7 g.), m. p. 80°, having a 
red sulphuric acid r reaction (Found : C, 80-6; H, 5-9. C,,H,,O, requires C, 80-7; H, 5-9%). 

Hydrogenation of the foregoing benzyl ether (3 g.) in acetic acid (50 ml.) with a palladium-charcoal 
catalyst was complete in 20 minutes, and after filtration the greater part of the solvent was removed in a 
vacuum. After the addition of water to the residue, followed by excess of sodium carbonate, 6-hydroxy- 
3-methylcoumaran was isolated with ether and purified by distillation in a vacuum and then by 
crystallisation from light petroleum (b. p. 40—60°); it formed needles (1-7 g.), m. p. 62°, having a 
negative sulphuric acid reaction (Found : C, 72-3; H, 6-9. CjH,O, requires C, 72-0; H, 6- 1%), 

3’-Methyl-2’ : enon & : 5’:6: T)coumarin (XIV; R=H, R, = Me) _—Condensation of 
6-hydroxy-3-methylcoumaran (XVII; R = H) (3 g.) with hydrogen cyanide (4 ml.) in ether (100 ml.) 
by means of zinc chloride (4 g.) and excess of hydrogen chloride gave rise to an oily product which, on 
being washed several times with ether and then hydrolysed with water (100 ml.) on the steam-bath for 
20 minutes, yielded the 5-formyl derivative (XVII; R = CHO), forming colourless rectangular prisms 
8 g.), m. p. 72°, from alcohol, which gave a deep red ferric reaction in alcohol (Found: C, 67-3; H, 5-7. 

Cy9H 4,0; requires C, 67-4; H, 5-7%). The 2: 4-dinitrophenylhydrazone separated from ethyl acetate in 
scarlet needles, m. p. 282° (Found : C, 53-7; H, 4-0; N, 15-8. C,,H,,O,N, requires C, 53-6; H, 3-9; 
N, 15-6%). 

A solution of this aldehyde (1 g.) in 20% aqueous sodium hydroxide (10 ml. ” was brought into reaction 
with aqueous cyanoacetic acid (7 ml.), and the yellow product precipitated by hydrochloric acid and 
boiled with N-hydrochloric acid (100 ml.) for 4 hour as in the case of the lower homologue 
(X; R=CHO). On isolation the resulting furanocoumarin-3-carboxylic acid (KIV; R =CO,H, 
R, = Me) { ‘1 i separated from aqueous acetone in almost colourless rectangular plates, m. p. 216° 
(Found : 63-5; H, 4-1. C,,;H,,O, requires C, 63-4; H, 41%). Like the homologue (XIV; 
R = CO,H, R, = 'H), this acid was decarboxylated by the quinoline method and gave the dihydro- 
furanocoumarin (XIV; R=H, R, = Me), which was purified by sublimation in a vacuum at 
140—150°/0-1 mm., and then by crystallisation from methyl alcohol, forming pale yellow needles 
(0-4 g.), m. p. 137° (Found : C, 71- 3; H, 5-1. C,,H4.O, requires C, 71-3; H, 5-0%). 

6-Hydroxy-5- formyl-3-methylcoumaran (1 g.) was heated (oil-bath at 180°) with acetic anhydride and 
sodium acetate (1 g.) for 8 hours, and after decomposition of the excess anhydride with water an oily 
product was isolated by means of ether. Extraction of the ethereal solution with aqueous sodium 
hydrogen carbonate gave f-6-acetoxy-3-methylcoumaran-5-acrylic acid, which separated from “5% 
acetone in needles (0-07 g.), m. p. 207° (Found: C, 64-4; H, 4-8. C,,H,,O, requires C, 64-1; H, 5-3%) 
From the ethereal solution left on separation of the acrylic acid, unchanged aldehyde (XVI; R = CHO) 
was then extracted with 4% aqueous sodium hydroxide, and finally evaporation of the residual ethereal 
liquors left the acetate of the aldehyde as an oil which was converted into the 2 : 4-dinitrophenylhydrazone, 
forming orange needles, m. p. 245°, from acetic acid (Found: C, 53-6; H, 4-0; N, 14:0. C,,H,,0,N, 
requires C, 54-0; H, 4-0; N, 14-0%). 

5-Benzyloxy-2-acetyl-4-methylphenoxyacetic Acid (XX; R=H).—A mixture of 5-C-methyl- 
resacetophenone (Yanagita, Ber., 1938, 71, 2270) (5 g.), benzyl chloride (15 g.), potassium carbonate 
(10 g.), and acetone (50 ml.) was refluxed for 8 hours and, after removal of the potassium salts (washed with 
acetone) by filtration, the solvent was evaporated and the excess of benzyl chloride removed by means of 
a current of steam, leaving the benzyl ether (XIX) as a solid which separated from alcohol in colourless 
needles (5 g.), m. p. 94° (Found: C, 74-9; H, 6-3. C,,H,,O, requires C, 75-0; H, 63%). This 
compound gave a dark red ferric reaction in alcohol. 

Interaction of the foregoing benzyl ether (1 g.) and ethyl bromoacetate (0-75 g.) in boiling acetone 
(25 ml.), containing potassium carbonate (2 g.), for 20 hours gave rise to ethyl 5-benzyloxy-2-acetyl-4- 
methylphenoxyacetate (KX; R = Et), which formed colourless prisms (1 g.), m. p. 109°, from alcohol, 
having a negative ferric reaction (Found : C, 70-4; H, 6-6. C, H,,O, requires C, 70-2; H, 6-4%). This 
ester (2 g.) was hydrolysed by being boiled with a solution of potassium hydroxide (2-5 g.) in water 
(20 ml.) and alcohol (30 ml.) for} hour. After the removal of the greater part of the alcohol in a vacuum, 
the residual cooled liquor was acidified with dilute hydrochloric acid and the resulting acid collected, 
washed with water, and crystallised from ethyl acetate-light petroleum (b. p. 60—80°), forming colourless 
prisms (1-5 g.), m. p. 156°, soluble in alcohol or hot benzene (Found : C, 68-6; H, 5-6. C,,H,,O, requires 
C, 68-8; H, 5-7%). 

6-Hydroxy-3 : 5-dimethylcoumaran (XVII; R = Me).—(A) A mixture of the foregoing acid (1 g.), 
sodium acetate (2-5 g.), and acetic anhydride (10 ml.) was refluxed (oil-bath) for 4 hour, cooled, and 
diluted with water (100 ml.). Three days later the resulting 6-benzyloxy-3 : 5-dimethylcoumarone (XVI; 
R = CH,Ph, R, = Me) was collected, washed with aqueous sodium hydrogen carbonate, and purified 
by distillation in a vacuum and then by recrystallisation from 50% acetic acid, being obtained 
in colourless needles (0-5 g.); b. p. 170°/0-02 mm., m. p. 50°, which gave a dark red sulphuric acid reaction 
(warm) (Found: C, 80-7; H, 6-5. C,,H,,0, requires C, 81-0; H, 6-3%). Hydrogenation of this 
substance (2 g.), dissolved in acetic acid (iso ml.), with hydrogen and a ’palladium-—charcoal catalyst gave 
rise to er 5-dimethylcoumaran, which, on isolation by the method used for the homologue 
(X; R e), formed colourle: ay) my (1 g.), m. p. 100°, from light petroleum (b. p. 60—80°), having a 
negative sulphuric acid reaction (Found : C, 73-1; H, 7- “4, Cy9H,,0, requires C, 73-2; H, 7-3%). 

(B) A mixture of 6-hydroxy-5-formyl-3-methylcoumaran (2 g.), zinc amalgam (from 16 g. of zinc 
dust), water (30 ml.), and concentrated hydrochloric acid (12 eal) was refluxed for 12 hours. On 
isolation with ether the resulting 6-hydroxy-3 : 5-dimethylcoumaran separated from light petroleum 
(b. p. 60—80°) in colourless prisms (1-2 g.), m. p. 100°, identical in every way with a specimen prepared by 
method (A) (Found: C, 73-5; H, 7-5%). Prepared by the pyridine method at room temperature, the 
p-nitrobenzoate of 6-hyd roxy-3 : 5-dimethylcoumaran formed pale yellow, slender prisms, m. p. 145°, 
from alcohol (Found : N,4-4. C,,H,,0,N requires N, 4-4%). 


7@ 
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(With T. V. HEarey.) 


3 : 6-Dimethylcoumarone.—Prepared by the interaction of 2-hydroxy-4-methylacetophenone 
(Rosenmund and Schnurr, Annalen, 1927, 460, 88) (7 g.), ethyl bromoacetate (6-2 ml.), and potassium 
carbonate (14 g.) in boiling acetone (40 ml.) during 12 hours, ethyl 2-acetyl-5-methylphenoxyacetate (V1) 
formed rectangular prisms (10-5 g.), m. p. 76°, from light petroleum (b. p. 60—80°) (Found: C, 66-3; 
H, 6-8. C,3H,,O, requires C, 66-1; H, 68%). Hydrolysis of this ester (6 g.) with 5% aqueous- 
alcoholic potassium hydroxide (120 ml.) on the steam-bath for one hour gave ee yg eo - 
acetic acid (4 g.), which separated from water in plates, m. p. 142° (Found: C, 63-5; H, 5-7.. HO, 
requires C, 63-5; H, 58%). On being boiled with acetic anhydride (60 ml.) and sodium acetate (25 g.) 
for 40 minutes, this acid (10 g.) yielded the coumarone which, on isolation with ether and distillation in a 
vacuum, was obtained as a colourless oil, b. p. 109—112°/22 mm., formed a picrate, m. p. 76°, and gave a 
violet-red colour with sulphuric acid changing to blue on addition of a little water (compare Stoermer, 
Annalen, 1900, 312, 290). 

Cyclisation of ethyl 2-acetyl-5-methylphenoxyacetate (5 g.), dissolved in the minimum amount of 
alcohol, with sodium ethoxide (from 0-25 g. of sodium) on the steam-bath during one hour and subsequent 
addition of water — ml.) to the cooled reaction mixture gave ethyl 3 : 6-dimethylcoumarone-2- 
carboxylate, which formed slender needles (1-6 g.), m. p. 42°, from dilute methyl alcohol. Acidification 
of the alkaline liquor left on separation of the ester gave 3 : 6-dimethylcoumarone-2-carboxylic acid (V; 
R = H) (1-8 g.), which separated from benzene in tiny rectangular prisms, m. p. 220° (decomp.) (Found : 
C, 69-5; H,5-2. C,,H,O, requires C, 69-5; H,5-3%). The acid, which was also obtained by hydrolysis 
of the ester with 7% aqueous-alcoholic potassium hydroxide on the steam-bath for 4} hour, gave an 
intense scarlet-red coloration with alcoholic ferric chloride and a red sulphuric acid reaction (warm). 

2-Formyl-3 : 6-dimethylcoumarone (IV).—3 : 6-Dimethylcoumarone (2 g.) was added to a solution of 
aluminium chloride (4 g., 2 mols.) in ether (70 ml.) followed by hydrogen cyanide (0-5 ml.), and the 
mixture saturated with hydrogen chloride. Next day the almost colourless crystalline product was 
separated from the dark green liquor, thoroughly washed with ether, and treated with ice and dilute 
hydrochloric acid, and the mixture was warmed on the water-bath for 4 hour, fying rise to the aldehyde, 
which formed prismatic needles, m. p. 81°, from alcohol (Found: C, 75-9; H, 5-9. C,,H,,O, requires 
C, 75-9; H, 5-7%). <A further quantity of the compound (0-6 g.) was obtained ip ery. the 
combined ethereal liquors with water and warming the extract on the water-bath. e 2: 4-dinitro- 

henylhydrazone separated from much ethyl acetate in tiny, dark red, rectangular prisms, m. p. 278° 
fround : N, 16-0. C,,H,,0;N, requires N, 15-8%). 

When the foregoing reaction was carried out with 1 mol. of aluminium chloride, with excess of zinc 
chloride, and without an auxiliary condensing agent the respective yields of aldehyde from 2 g. 
of coumarone were 1-2 g., 0-9 g.,and 0-2 g. The orientation of this aldehyde was established by the fact 
that on oxidation in acetone with aqueous potassium permanganate it gave rise to 3 : 6-dimethyl- 
coumarone-2-carboxylic acid, m. p. 220° (decomp.), after purification from benzene, identical with an 
authentic specimen. 

3 : 6-Dimethylcoumarone-2-acetic Acid.—Condensation of the aforementioned aldehyde (6 g.) with 
hippuric acid (10 g.) by means of acetic anhydride (40 ml.) and sodium acetate (6 g.) on the steam-bath 
for 14 hours yielded the azlactone, which separated from alcohol in long orange needles (9 g.), m. p. 168° 
(Found: C, 75-8; H, 4:7; N, 4-4. C,9H,,0O,N requires C, 75-7; H, 4:7; N, 44%). Hydrolysis of this 
compound (10 g.) with boiling 10% aqueous sodium hydroxide (160 ml.) for 6 hours gave 3 : 6-dimethyl- 
coumarone-2-pyruvic acid which, on being separated from the accompanying benzoic acid by the sulphur 
dioxide method, formed pale yellow plates (2-5 g.), m. p. 208° (decomp.), from alcohol. Oxidation of the 

yruvic acid (1 g.), dissolved in 5% aqueous sodium hydroxide (20 ml.), with 30% hydrogen peroxide 
{i-6 ml.) in the course of one hour furnished an almost theoretical yield of 3 : 6-dimethylcoumarone-2- 
acetic acid, which separated from dilute alcohol in colourless rectangular plates, m. p. 153°, having 
a cherry-red sulphuric acid reaction (Found: C, 70-4; H,6-0. C,,H,,O, requires C, 70-6; H, 5-9%). 


The authors are indebted to Messrs. Imperial Chemical Industries Limited for a grant in aid of this 
investigation. 
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458. Furano-compounds. Part VIII. The Synthesis of isoVisnagin 
and a Partial Synthesis of Visnagin. 
By J. R. CLarKE, GEorGE GLASER, and ALEXANDER ROBERTSON. 


The partial synthesis of visnagin from natural visnagone (I) and its condensation with 
piperonal to form a styryl derivative afford decisive evidence that visnagin is a furano- 
chromone type (III). In the course of unsuccessful attempts to prepare visnagone the isomeric 
ketone, te has been obtained from which the furano- 
chromone isovisnagin (VI; R= Me) has been synthesised. The transformation of visnagin 
into isovisnagin is described. 

From a study of the hydrolytic fission of visnagin, occurring in the seeds of Ammi visnaga, 
and the subsequent degradation of the ketone visnagone thus formed, Spath and his collaborators 


(Ber., 1941, 74, 1492) concluded that the parent compound was the linear furanochromone 
(III) but the evidence presented, though it clearly shows that in visnagone (I) the acetyl residue 
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is in the 5-position, does not exclude the possibility of visnagin being the linear isomeric 
4-methylfuranocoumarin. Accordingly, the experiments now described had as their objective 
a rational synthesis of visnagin. 

In considering a general synthetical approach to compounds of the type (III) it appeared 
to us more feasible in the first instance to attempt to build up the y-pyrone system on a suitable 
coumarone residue rather than to form the furanochromone from an already existing hydroxy- 
chromone, more especially since this kind of procedure had already been successfully employed 
in the synthesis of furanocoumarins (Part IV, /J., 1939, 930, and unpublished work). Further, 
the final two stages of this process had already been used in the formation of furanochromones 
prepared to demonstrate the orientation of O-monomethylusnetol (Curd and Robertson, /., 
1933, 1173; the first synthesis of a furanochromone) and of euparin and tetrahydroeuparin 
(Kamthong and Robertson, J., 1939, 933). As a preliminary step in the present investigation 
therefore, it has been shown that 5-methoxy-2-methylfurano(4’ : 5’: 6:7)chromone (III), 
identical in every way with visnagin, can be conveniently synthesised by the cyclisation of the 
diketone (II) resulting from the interaction of visnagone (I) from natural sources with ethyl 
acetate in the presence of sodium. Further, the condensation of (III), natural or synthetical, 
with piperonal to give a 2-styrylchromone is in agreement with the 2-methylchromone structure 
assigned to visnagin. 


\oH \oH ( \ Me 
/pcOMe O-CH,Ac H 
Me Me : M Cc 


(I.) (II.) (III.) 


The stages required to complete the synthesis of visnagin, viz., the preparation of visnagone 
(I), have not yet been achieved, and the remaining experiments described were occasioned 
primarily on this account but led ultimately to a successful synthesis of one of the two possible 
angular isomerides of visnagin which we have termed isovisnagin (VI; R = Me) and which 
we suspect may be a minor constituent of the seeds. 


CO-CH,R, * 
HO? \» co, Et ROC ROZ CMe 
\ ja H 
‘Ye Sate A of 
(IV.) (V.) (VI.) 
CHR 
ane ‘Nou ~ a Nou MeO Me 
Hy Z Hy RO 1X H 
Me Me H, Cc 
H, 
(VII.) (VIII.) (IX.) 


Application of the Hoesch reaction with acetonitrile, or of the Friedel-Crafts reaction with 
acetyl chloride, to the coumarone (IV), where the carbethoxy-group serves to protect the 
reactive 2-position (compare Part II, J., 1939, 921; Part IV, loc. cit.), gave only one C-acetyl 
derivative of (IV). This compound must have the structure (V; R= CO,Et, R, = H), 
because on hydrolysis and subsequent decarboxylation of the resulting keto-acid (V; R = CO,H, 
R, = H) it gave rise to a ketone isomeric and not identical with visnagone. Since visnagone 
has been shown to have the C-acetyl group in the 5-position the synthetical ketone, which we 
have named isovisnagone and which gives a ferric reaction in alcohol indicating the presence 
of a hydroxyl group in the o-position to a carbonyl group, must be the 7-acetyl derivative (V; 
R= R, =H). Itis noteworthy that the behaviour of (IV) with the Hoesch and the Friedel- 
Crafts reaction is analogous to that with the Gattermann reaction (Part IV, loc. cit.). From 
the ketone (V, R = R, = H), isovisnagin (VI; R = Me) was synthesised by way of the 
diketone (V; R =H, R, = Ac) according to the procedure employed for visnagin. Similarly, 
the application of the Friedel-Crafts reaction to 6-hydroxy-4-methoxycoumaran (VII) gave 
only the 7-acetylcoumaran (VIII; R = H), identical with a specimen prepared by the hydro- 
genation of isovisnagone (V, R = R, = H), and on condensation with ethyl acetate this 
ketone (VIII; R= H) gave rise to the diketone (VIII; R = Ac) the cyclisation of which 
furnished dihydroisovisnagin (IX). 
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In a projected synthesis of O-methylvisnagone, 2 : 6-dimethoxy-4-allyloxyacetophenone was 
transformed into 4-hydroxy-2 : 6-dimethoxy-3-allylacetophenone but so far we have been unable 
to determine the conditions whereby the acetate of the latter could be degraded to the required 
o-acetoxyphenylacetaldehyde which on deacetylation and subsequent cyclisation would be 
expected to give O-methylvisnagone, a specimen of which is readily formed by methylation of 
visnagone by the methyl iodide—potassium carbonate method. 

The syntheses of methyl 2 : 6-dihydroxy-4-methoxy-3-formyl- and -3-acetyl-benzoate were 
effected in view of their possible conversion into visnagone. 


(VI, R = H)<— aa a # » <—am—>(_ Xe ire SOC‘ \eMe 


— "ean (XII.) 


In an attempt to prepare the parent hydroxyfuranochromone from visnagin (III) by 
demethylation it was found that the latter on being gently refluxed with concentrated hydriodic 
acid gave rise to a somewhat resinous product from which a well-crystallised phenolic compound 
was isolated. This substance, which was soluble in alkali and had only a very faint ferric 
reaction, gave isovisnagin on methylation and is therefore the furanochromone (VI; R= H). 
The identity of isovisnagin obtained by this route with authentic material was confirmed by 
the preparation of the characteristic styryl derivative from piperonal, and by the fact that on 
hydrolytic fission with boiling 20% aqueous potassium hydroxide it gave rise to isovisnagone 
identical with a synthetical specimen. The formation of norisovisnagin (VI; R = H) in this 
manner was entirely unexpected because, although isomerides of norvisnagin could arise 
during the demethylation process by either of the following routes, viz. (a) opening of the furan 
ring with the formation of (X) followed by re-cyclisation involving the 5-hydroxyl group to 
give the angular compound norisovisnagin (VI; R = H) or (6) opening of the y-pyrone ring 
to yield the intermediate diketone (XI) and subsequent cyclisation to form the alternative 
angular product (XII), yet only the latter change (b) was envisaged by analogy with the 
behaviour of wogonin and its ethers on demethylation (Wesseley and co-workers, Monatsh., 
1930, 56, 97; 1932, 60, 26; Hattori, Ber., 1939, 72, 1914; Saski and Seshadri, Proc. Indian 
Acad. Science, 1946, 24, No. 2, Section A, 243). Clearly, however, the process (a) prevails, 
and in spite of a careful search a second crystalline product of the hydriodic acid reaction 
could not be isolated from the residues left on the purification of (VI; R= H). Thus at 
present we have no evidence of the isomeric change by way of route (b) taking place to any 
appreciable extent, if at all. 

EXPERIMENTAL. 


Visnagin (III).—When the initial reaction between visnagone (Spath e# al., loc. cit.) (1 g.), ethyl 
acetate (10 ml.), and sodium (1 g.) had subsided, the mixture was heated on the steam-bath for 4 hours 
with the addition of more acetate (2 ml.) and sodium (1 g., in small portions) after 1 hour. Next day 
a small amount of unchanged sodium in the reaction mixture was destroyed by addition of a little 
methanol, and after having been diluted with water (200 ml.) the solution was acidified with acetic 
acid. Thus precipitated as a brown oil, the product gradually solidified and then on crystallisation 
from aqueous alcohol gave the 6-hydroxy-4-methoxy-5-acetoacetylcoumarone (II) in colourless platelets 
(0-35 g.), m. p. 80—81°, which on being dried in a vacuum over —— oxide had m. p. 95—96° 
[Found, in dried material: C, 62-8; H, 4:7; OMe, 12-1. C,,H,O,(OMe) requires C, 62:9; H, 4:8; 
OMe, 12:5%]. This substance, which gives a red ferric reaction in alcohol, is moderately soluble in 
methanol, warm benzene, or chloroform and readily soluble in acetone or acetic acid. 

When a solution of the foregoing diketone (0-25 g.) in alcohol (5 ml.) containing 3 drops of concen- 
trated hydrochloric: acid was boiled for 1 minute and cooled, the mixture deposited visnagin, which 
formed pale yellow prisms (0-2 g.), m. p. 140° from methyl alcohol, undepressed on admixture with an 

. authentic specimen [Found: C, 68-0; H, 4-5; OMe, 13-2. Calc. for C,,H,0,(OMe) : C, 67-9; H, 4-4; 
OMe, 13-5%]. On being warmed, the yellow solution of the substance in sulphuric acid became 
———— and then dark red changing to violet on dilution with water. Sodium methoxide (from 

3 g. of sodium) in methanol (15 ml.) was added to a solution of visnagin (1 g.) and piperonal (1 g.) in 
iit hoe (20 ml.), and the mixture heated on the steam-bath for 10 mma 48 hours later the solid 
was collected, washed with a little methanol, and crystallised from dilute acetic acid, giving the styryl 
derivative (1-1 g.) in ery yellow a m. p. 220°, Ty f soluble in alcohol, ethyl acetate, or 
benzene (Found: C, 69-4; H, 4-1. H,,0, requires C, 69-6; H, 3-9%). 

Ethyl 6-Hydroxy-4-methoxy-1 Fassiioctmvens tontbeantels (V; R = CO,Et, R, = H).—(A) A 
cooled solution of ethyl 6- -hydroxy-4-methoxycoumarone-2-carboxylate (Part IV, Joc. cit.) (2 g.) in 
ether (400 ml.), containing acetonitrile (7 ml.) and zinc chloride (3 g.), was slowly saturated with hydrogen 
chloride and a pale brown oil slowly separated. After the addition of an excess of ether 4 days later, 
the solvent was decanted and the residual dark red liquid was washed with fresh ether (3 x 50 ml.) 
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and then dissolved in water (150 ml.). When this solution was almost neutralised (faintly acid to Congo- 
red paper) with aqueous sodium carbonate, filtered from traces of dark solid, and then heated on the steam- 
bath for 4 hour, the ethyl 6-hydroxy-4-methoxy-1-acetylcoumarone-2-carboxylate gradually separated as 
a buff-coloured solid (0-5 g.) and on recrystallisation from methanol formed clusters of elongated colour- 
less needles, m. p. 162°, readily soluble in acetone, benzene, or ethyl acetate, and having a violet ferric © 
reaction in alcohol (Found : C, 60-6; H, 5-2. Ci4H 40, requires C, 60-4; H, 5-1%). On being warmed, 
the yellow solution of the ketone in sulphuric acid became violet and then red-brown. The 2: 4- 
dinitrophenylhydrazone formed red needles, m. p. 295°, from much ethyl acetate (Found: N, 12-0. 
Cy9H,,O,N, requires N, 12-2%). 

(B) Powdered aluminium chloride (3 g.) was gradually added during 15 minutes to a suspension 
of ethyl 6-hydroxy-4-methoxycoumarone-2-carboxylate (2 g.) in nitrobenzene (70 ml.) (agitate) kept 
at below 5°, and 2 days later the dark red mixture was poured on ice (50 g.). An ethereal solution of 
the product and nitrobenzene was washed with aqueous sodium hydrogen carbonate to remove hydro- 
chloric acid and then with water, dried, and evaporated on the steam-bath. When the residual nitro- 
benzene liquor was mixed with an excess of light petroleum (b. p. 60—80°), filtered, and kept at 0° for 
16 hours, the ketone (1-6 g.) gradually separated, and on recrystallisation from methanol had m. p. 
162°, identical in every way with material prepared by method (A). The 2: 4-dinitrophenylhydrazone 
had m. p. and mixed m. p. 295°. 

When the light petroleum—nitrobenzene liquors were subjected to distillation in a current of steam 
a further quantity of ketone (0-15 g.) was isolated from the residual aqueous solution. 

An examination of the residues left from the purification of the keto-ester (V; R = CO,Et, R, = H), 
formed by either method (A) or (B), failed to reveal the presence of the desired isomeride, ethyl 
6-hydroxy-4-methoxy-5-acetylcoumarone-2-carboxylate, required for the preparation of visnagone. 

6-Hydroxy-4-methoxy-T-acetylcoumarone (isoVisnagone) (V, R= R,=H).—A solution of the 
foregoing ketonic ester (1 g.) in aqueous-alcoholic potassium hydroxide (from 1-5 g. of potassium 
hydroxide, 18 ml. of alcohol, and 12 ml. of water) was refluxed for } hour, cooled, diluted with water 
(50 ml.), and acidified with ‘dilute hydrochloric acid. Crystallisation of the resulting ae pre- 
cipitate from warm alcohol gave 6-hydroxy-4-methoxy-7-acetylcoumarone-2-carboxylic acid = 
CO,H, R, = H) in stellate clusters of colourless needles (0-8 g.), m. p. 307—-309° (decomp.), Dodiichae 
soluble in warm alcohol, acetone, or ethyl acetate, and having a purple-red ferric reaction in alcohol 
[Found: C, 57-8; H, 4-2; OMe, 12-8. C,,H,0O,;(OMe) requires C, 57-6; H, 4:0; OMe, 12.4%]. The 
sulphuric acid reaction of this acid was identical with that of the ethyl ester. 

Decarboxylation of the acid (2 g.) was effected with gently boiling quinoline (60 ml.) (oil-bath), 
containing copper bronze (1 g.), during $ hour, and a filtered solution of the cooled reaction mixture in 
much ether was washed with hydrochloric acid and then with aqueous sodium hydrogen carbonate, 
and then extracted with 8% aqueous sodium hydroxide (40 ml. x 10). Acidification of the combined 
alkaline extracts gave 6-hydroxy-4-methoxy-7-acetylcoumarone (V, R = R, = H) (1-4g.), which formed pale 
yellow rectangular leaflets, m. p. 134—136°, from methanol (charcoal), readily soluble in ene acetone, 
or ethyl acetate and almost insoluble in light petroleum (Found: C, 64:3; H, 5-0. C,, H1% requires 
C, 64-1; H, 4:9%). This substance gave an emerald-green ferric reaction in alcohol and a yellow 
solution in sulphuric acid which on being heated became cherry-red, then violet, and finally brown. 
The 2 : 4-dinitrophenylhydrazone separated from ethyl acetate in orange-red needles, m. p. 282° (Found : 
N, 14-5. C,,H,,0,N, requires N, 14-5%). 

Decarboxylation of the acid by means of hot glycerol gave a poor yield of the ketone. 

7-Methoxy-2-methylfurano(2’ : 3’ : 5: 6)chromone (isoVisnagin) (VI, R = Me).—To a solution of 
the foregoing ketone (0-5 g.) in ethyl acetate (15 ml.) sodium (0-7 g., in small pieces) was gradually added 
and after the initial reaction had subsided the mixture was heated on the steam-bath for 5 hours; after 
3 hours more sodium (0-3 g.) and ester (3 ml.) were added. The cooled reaction mixture was treated 
with a little methanol to destroy traces of unchanged sodium, diluted with ice-water, and acidified 
with acetic acid. Next day the 6-hydroxy-4-methoxy-1T-acetoacetylchromone (V; R=H, R, = Ac 
(0-4 g.) was collected and, after having been sublimed in high vacuum, was crystallised from light 
petroleum (b. p. 60—86°), forming yellow needles, m. p. 138—139°, soluble in alcohol or benzene and 
having a green ferric reaction in alcohol (Found: C, 62-9; H, 4:7. C,,;H,,O, requires C, 62-9; H, 
4-9%). 

2. solution of this diketone (0-2 g.) in acetic acid (8 ml.) containing 3 drops of concentrated hydro- 
chloric acid was boiled for 1 minute, cooled, and the furanochromone (VI, R = Me) precipitated by the 
addition of water. Crystallised from alcohol, this compound formed colourless needles, m. p. 247°, 
and gave a colourless solution in sulphuric acid exhibiting a faint purple fluorescence, unchanged on 
being warmed (Found: C, 67-6; H, 4-6. Syatts0e requires C, 67-8; H, 4-4%). 

6-Hydroxy-4-methoxycoumaran II).—The synthesis of this compound, obtained as a low-melting 
solid, and its characterisation by formation of a p-nitrobenzoate, was described in Part IV (loc. cit.), 
the final stage of which was the simultaneous hydrogenation and debenzylation of 6-benzyloxy-4- 
methoxycoumarone in acetic acid. It has now been found that when this reaction is carried out in 
methanol with a palladium-—charcoal catalyst the product is free from resinous material and can be 
crystallised from carbon tetrachloride-light petroleum (b. p. 60—80°), forming colourless irregular 
prisms, m. p. 77° (Found: C, 65-5; H, 6-0. Calc. for C,H LO, : C, 65-1; H, 6-0%), which gave the 
p-nitrobenzoate, m. p. 159—160°. 

6-Hydroxy-4-methoxy-T-acetylcoumaran (VIII, R=H).—(A) Hydrogenation of 6-hydroxy-4- 
methoxy-7-acetylcoumarone (0-5 g.) in acetic acid (40 ml.) with a palladium-charcoal catalyst (from 
0-05 g. of palladium chloride and 0-5 g. of charcoal) was complete in about $ hour and on isolation the 
resulting coumaran (VIII, R = H) formed pale yellow needles, m. p. 128°, from methanol, readily 
soluble in benzene or ethyl acetate and moderately soluble in light petroleum, and having an emerald- 
green ferric reaction in alcohol (Found: C, 63-2; H, 6-1. C,,H,,O, requires C, 63-5; H, 58%). The 
2 : 4-dinitrophenylhydrazone formed orange needles, m. p. 248°, from ethyl acetate (Found : N, 14-2. 
C,,H,,0,N, requires N; 14-4%). 
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(B) Acetyl chloride (0-8 ml.) was added to a well-stirred solution of 6-hydroxy-4-methoxycoumaran - 
(1 g.) in nitrobenzene (50 ml.), maintained at 0°, followed by aluminium chloride (2-4 g., in two portions), 
the resulting yellow solution (cooled) was agitated for 1 hour, and 2 days later the mixture was treated 
with ice and extracted with ether. The combined ethereal extracts were washed with aqueous sodium 
hydrogen carbonate, dried, and evaporated, and the residual liquor mixed with light petroleum (b. p. 
60—80°) (250 ml.). Extraction of the latter mixture with 10% aqueous sodium hydroxide (50 ml. x 10) 
and acidification of the combined extracts with hydrochloric acid gave a ketonic product (0-95 g.), 
having a dark purple ferric reaction, which on crystallisation from alcohol furnished 6-hydroxy-4- 
methoxy-7-acetylcoumaran (0-6 g.) in pale yellow needles, m. p. 128°, identical in every way with a 
specimen prepared by method (A). The 2: 4-dinitrophenylhydrazone had m. p. and mixed m. p. 248°. 

Dihydroisovisnagin (IX).—Interaction of the foregoing ketone (0-45 g.) with ethyl acetate (10 ml.) 
and pe (0-6 g.) on the steam-bath for 44 hours with the addition of more acetate (2 ml.) and sodium 
(0-2 g.) after 3 hours gave rise to 6-hydroxy-4-methoxy-1-acetoacetylcoumaran (VIII, R = Ac) (0-3 g.), 
forming clusters of yellow needles, m. p. 135—136°, from light petroleum (b. p. 60—80°) (Found: C, 
62:3; H, 5-8. C,,H,,0O,; requires C, 62-4; H, 56%). This substance is readily soluble in alcohol, 
acetone, or benzene and has a red-purple ferric reaction in alcohol. A solution of the compound (0-17 
g.) in acetic acid (6 ml.) containing 4 drops of concentrated hydrochloric acid was boiled for 2 minutes, 
cooled, diluted with water, filtered from a trace of brown solid, saturated with ammonium sulphate, 
and extracted with ether. Evaporation of the washed and dried extracts left the chromone (IX) (0-09 g.), 
which separated from ligroin in tiny colourless prisms, m. p. 193—194° (decomp.) after sintering at 
187° (Found: C, 67-0; H, 5-4. C,,H,,0O, requires C, 67-2; H, 5-2%). On being warmed the almost 
colourless solution of this compound in concentrated sulphuric acid became violet. 

Dihydrovisnagone.—Hydrogenation of visnagone (isolated from chellol glucoside; unpublished 
work) dissolved in acetic acid with a palladium-charcoal catalyst gave the dihydro-derivative which 
separated from methyl alcohol in pale lemon-yellow needles, m. p. 101-5°, readily soluble in ethyl 
acetate, benzene, or acetone and having a blood-red ferric reaction in alcohol (Found: C, 63-5; H, 
59%). The2: Peg gre formed scarlet needles, m. p. 225°, from ethyl acetate (Found : 
N, 14-6. C,,H,,0,N, requires N, 14-4%). 

4-Hydroxy-2 : 6-dimethoxy-3-allylacetophenone.—A mixture of 4-hydroxy-2 : 6-dimethoxyacetophenone 
(Curd and Robertson, J., 1931, 1241) (2-5 g.), allyl bromide (2-5 g.), potassium carbonate (6 g.), and 
acetone (80 ml.) was refluxed for 3} hours, filtered (wash salts with acetone), and evaporated, leaving 
the allyl ether (2-5 g.) as a crystalline mass. Recrystallised from light petroleum (b. p. 40—60°), the 
compound formed small prisms, m. p. 56—57°, readily soluble in alcohol, benzene, or ethyl acetate 
(Found: C, 65-8; H, 7-0. C,,;H,,O, requires C, 66-1; H, 6-8%). A mixture of this ether (3 g.) and 
dimethylaniline (20 ml.) was refluxed for 5 hours in an atmosphere of nitrogen, and a solution of the 
cooled liquor in ether (150 ml.) was washed with dilute hydrochloric acid to remove the base and then 
extracted with 15% aqueous sodium hydroxide (50 ml. x 6) to remove the resulting allylphenol. After 
acidification of the combined alkaline extracts and subsequent saturation with ammonium sulphate 
this phenol (2-2 g.) was isolated with ether and crystallised from light petroleum (b. p. 40—60°), forming 
slender colourless needles, m. p. 71—72°, readily soluble in alcohol or benzene (Found: C, 66-2; H, 
7-0. C,,;H,,O, requires C, 66-1; H, 68%). In an attempt to effect the rearrangement in the absence 
of a solvent (compare Baker and Lothian, J., 1935, 628) the product was an intractable tar. 

Acetylation of the allylphenol by the acetic anhydride-pyridine method ms the acetate, forming 
tiny, colourless needles, m. p. 33—34°, from light petroleum (b. p. 40—60°) (Found: C, 64-7; H, 6-5. 

Methyl 2 : 6-Dihydroxy-4-methoxy-3-formylbenzoate—When a mixture of methyl 2: 6-dihydroxy- 
4-methoxybenzoate (Herzig and Wenzel, Monatsh., 1901, 22, 215) (2 g.), hydrogen cyanide (2 ml.), 
zinc cyanide (2 g.), and ether (150 ml.) was saturated with hydrogen chloride the aldimine began to 
separate in the course of l hour. After the addition of excess ether next day, the product was collected, 
washed with ether to remove excess of hydrogen chloride, and dissolved in water (150 ml.). Aqueous 
sodium hydrogen carbonate was added until the solution was only faintly acid to Congo-red, and the 
mixture heated on the steam-bath for 15 minutes. Next day the resulting aldehyde (2 g.) was collected, 
and crystallised from alcohol (charcoal), forming elongated silky, colourless needles, m. p. 177-5°, having 
a blood-red ferric reaction in alcohol (Found: C, 52-8; H, 4-4. C,9H,,O, requires C, 53-1; H, 4-4%). 
The semicarbazone separated from acetic acid in pale yellow needles, m. p. 230° (Found: N, 14-7. 
C,,H,,0,N, requires N, 14:8%). 

Condensation of the same ester (5 g.) with acetonitrile (12 ml.) in ether (150 ml.) by means of zinc 
chloride (5 g.) and excess of hydrogen chloride according to Hoesch’s method gave rise to a semi-solid 
ketimine which on hydrolysis with water (200 ml.) on the steam-bath for 20 minutes furnished methyl 
2 : 6-dihydroxy-4-methoxy-3-acetylbenzoate (1-9 8), forming colourless needles, m. p. 144°, from alcohol 
(Found: C, 55-2; H, 5-1. C,,H,,0, requires C, 55-0; H, 5-0%). This ketone gave a reddish-brown 
ferric reaction in alcohol and formed a 2 : 4-dinitrophenylhydrazone which separated from ethyl acetate 
in orange needles, m. p. 212—213° (Found: N, 13-5. C,,H,,0,N, requires N, 13-3%). Unchanged 
ester (3 g.) was recovered from the ethereal liquors decanted from the ketimine. The use of a smaller 
proportion of acetonitrile in the reaction mixture led to poorer yields of ketone. 

Demethylation of Visnagin.—Acetic anhydride (20 ml.) was carefully added to concentrated hydriodic 
acid (14 ml.) containing visnagin (2 g.), and the mixture gently refluxed (oil-bath) for 30 minutes. The 
cooled dark red solution was diluted with water (200 ml.) containing a little sodium hydrogen sulphite to 
remove traces of free iodine, and the pale yellow flocculent precipitate was collected and washed with 
water and then with a little methanol. Crystallised from dilute acetic acid, this product (0-4 g.) gave 
1-hydroxy-2-methylfurano(2’ : 3’ : 5 : 6)chromone (VI, R = H) as a hydrate in almost colourless prisms, 
m. p. 318° (decomp.), which have a very faint green ferric reaction in alcohol and are sparingly soluble 
in methanol, alcohol, or acetone (Found, in material dried in a vacuum at room temperature: C, 61-1; 
H, 4:3. C,,H,O,,H,O requires C, 61-5; H, 4:3%. Found, in material dried at 120° for 2 hours: C, 
66-6; H, 3-8. C,,H,O, requires C, 66-7; H, 3-7%). 
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A mixture of this compound (0-25 g.), potassium carbonate (1 g.), acetone (30 ml.), and methyl 
iodide (2 ml.) was refluxed for 16 hours, filtered, evaporated, and the pale brown residual solid crystallised 
from dilute methanol, giving isovisnagin in almost colourless slender prisms (0-2 g.), m. p. 247°, identical 
in every way with a specimen obtained by direct synthesis (Found: C, 68-1; H, 46%). Interaction 
of this material (0-1 g.) with piperonal (0-1 g.) in 6% methanolic sodium methoxide on the steam-bath 
during 14 hours gave rise to the styryl derivative of isovisnagin, which formed slender yellow needles, 
m.*p. 244°, from dilute acetic acid and was identical with a specimen, m. p. 244°, prepared in the same 
manner from synthetical isovisnagin (Found: C, 69-3; H, 3-7. C,,H,,O, requires C, 69-5; H, 3-9%). 
When isovisnagin (0-1 g.), prepared from visnagin by the hydriodic acid method, was refluxed with 
20% aqueous potassium hydroxide (20 ml.) for 1 hour, and the cooled solution acidified with acetic 
acid, a bulky white precipitate separated. On crystallisation from methanol this product gave iso- 
visnagone (50 mg.) in pale yellow rectangular platelets, m. p. 134°, identical in every way with a 
synthetical specimen. 

Addition of water to the methanol washings of the crude demethylation product and to the dilute 
acetic acid liquors left on purification of (VI, R = H) gave a small amount of an alkali-soluble powder 
which had a dark green ferric reaction in alcohol, changing to dull purple on dilution with water and 
which may contain norvisnagin or the isomeride (XII). So far all attempts to obtain a crystalline 
compound from this material have been unsuccessful. Methylation of the crude product by the methyl 
iodide—-potassium carbonate method yielded an amorphous powder which was insoluble in aqueous 
alkali and had a negative ferric reaction but a definite compound could not be isolated. 
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work. 
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459. Infra-red Spectroscopic Measurements of Substituted Pyrimidines. 
Part I. The Presence of Hydrogen Bonding in 4-Triacetyl-p-xylosid- 
aminopyrimidines. 

By I. A. Brown tiz, G. B. B. M. SUTHERLAND, and A. R. Topp. 


Infra-red methods have been used to demonstrate the presence of hydrogen bonding in 
certain 4-triacetyl-p-glycosidaminopyrimidines; the results substantiate a chelation hypothesis 
previously put forward on chemical evidence (Kenner, Lythgoe, and Todd, J., 1944, 652; 
1946, 852; Howard, Lythgoe, and Todd, /J., 1945, 556). ere hydrogen bonding is absent, 
the band due to the stretching vibration of the acetoxy >C—=O groups is centred at 1750 cm.-, 
but where the C’, acetoxy-carbony] is bonded to the glycosidic NH group, an additional >C—=O 
band at 1725 cm.“ is present. 


Fo.ttow1nc the demonstration by Baddiley, Lythgoe, McNeil, and Todd (J., 1943, 383) that 
cyclisation of 6-amino-4-methylamino-5-thioformamidopyrimidines, e.g. (I; R = Me), yielded 
exclusively the corresponding 9-methyladenines, unaccompanied by 6-methylaminopurines, a 
general method for the synthesis of 9-glycosidoadenine derivatives was developed, involving as 
a final stage, cyclisation of 6-amino-4-glycosidamino-5-thioformamidopyrimidines it being 
assumed that the glycosidic residue could be regarded as analogous to the methyl group in the 
above model experiments. It was suggested that the thioformamido-compounds exist in form 
(II; R = Me or glycosido) and that, accordingly, base-catalysed ring closure would not readily 
proceed by intervention of the imino-group at position 6. Application of this synthetic method 
has led to the successful synthesis of a variety of 9-glycosidoadenine derivatives, but the expect- 
ation that these would be the sole products has not been invariably fulfilled. Kenner and 
Todd (J., 1946, 852) have reviewed a number of these cases and discussed the mechanism of 
the final cyclisation process in detail. Briefly, it has been found that, whereas 6-amino-4- 
glycosidamino-5-thioformamidopyrimidines do in fact behave like the 4-alkylamino-compounds 
and yield only 9-glycosidopurines, the corresponding acetylated glycosides normally give a 
mixture of 9-glycosidoadenine and 6-glycosidaminopurine derivatives on cyclisation. To quote 
a specific example, cyclisation of 6-amino-4-p-xylopyranosidamino-5-thioformamido-2-methyl- 
thiopyrimidine (I; R= p-xylosido) gives only 9-p-xylopyranosido-2-methylthioadenine 
(III; R = p-xylosido), whereas the corresponding triacetylthioformamidoglycoside (I; R= 
triacetyl-p-xylosido) cyclised under conditions which prevent deacetylation gives a mixture 
of the 9-glycoside (III; R = triacetyl-p-xylosido) and 6-triacetyl-d-xylopyranosidamino-2- 
methylthiopurine (IV; R = triacetyl-p-xylosido) (Howard, Lythgoe, and Todd, /J., 1945, 556). 
To explain these results, it was postulated (Kenner, Lythgoe, and Todd, J., 1944, 652; Howard, 
Lythgoe, and Todd, Joc. cit.; Kenner and Todd, Joc. cit.) that a chelate ring may be formed in 
acetylated 4-glycosidaminopyrimidines as shown in (V) through a hydrogen bond between the 
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2-acetyl group in the sugar residue and the hydrogen atom of the glycosidic NH-group. The 
effect of such chelation would be to induce negative charge on the glycosidic nitrogen atom, 
thus increasing its basicity and also indirectly that of the nitrogen attached to position 6. As 
a result, the reactivity of the whole molecule would be increased and cyclisation might occur in 
either direction, to give an acetylated 9-glycosidoadenine or an acetylated 6-glycosidamino- 
purine. This hypothesis accorded well with the observed facts but was not readily susceptible 
of proof by chemical methods. 
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The same hypothesis was used by Howard, Kenner, Lythgoe, and Todd (J., 1946, 855) to 
explain certain interconversion reactions of 4-glycosidaminopyrimidines. Whereas, for example, 
the a- and 8-isomers of 5-nitroso-6-amino-4-p-xylopyranosidamino-2-methylthiopyrimidine are 
stable and do not show mutarotation, acetylation of either gives rise to one and the same triacetyl 
derivative; it was suggested by these authors that the increased basicity of the glycosidic 
nitrogen in the acetylated compounds so facilitates configurational change at the glycosidic 
carbon that as a result one of the acetylated nitroso-compounds undergoes a rapid and complete 
mutarotation to its more stable isomer. 

The present investigation was undertaken in order to determine by infra-red spectroscopy 
whether hydrogen bonding of the type postulated could be detected in suitable acetylated 
4-glycosidamino-pyrimidines. 

There are at least two ways in which the formation of such a hydrogen bond might be 
expected to affect the vibration spectrum of compounds of this type. The weak link between 
the oxygen of the CO group and the hydrogen of the NH group should (a) cause a lowering of 
the C—O stretching frequency, normally near 1760 cm.-', similar to that found in the carboxylic 
acids by association (Davies and Sutherland, J. Chem. Physics, 1938, 6, 767) and (b) produce a 
corresponding lowering of the NH stretching frequency normally near 3400 cm... It might 
also be expected to increase the NH deformation frequency, but as the location of this frequency 
is not so well established, we decided to concentrate our attention on the first two effects. The 
general method was to compare the spectra of compounds in which hydrogen bonds were 
suspected to exist with those of the nearest analogue in which a hydrogen bond could be definitely 
excluded. 

EXPERIMENTAL. 

Since substituted 4-p-glycosidaminopyrimidines are, in general, soluble only in solvents which absorb 
strongly in the region 2 pw (5000 cm.) to 15 yw (667 cm.-), they were examined as a capillary layer, 
between rock-salt plates, as a fine suspension in ‘‘ Nujol.” As the work formed part of a larger pro- 
gramme, the substances were examined from 2 to 15 » on a double-beam spectrometer (Sutherland and 
Thompson, Trans. Faraday Soc., 1945, 41, 174) fitted with a 30° rock-salt prism of the Littrow type 
and a Hilger-Schwarz vacuum thermopile. The compounds were further examined from 2 to 6 uw on a 

ial spectrometer of very high resolving power (cf. Sutherland, Blackwell, and Fellgett, Nature, 1946, 
158, 873) fitted with a lithium fluoride prism. 

Results and Discussion.—The results for the region of the C—O stretching frequency are summarised 
in the table and illustrated in Figs. 1—5; the complete results for the region 2—15 yp» will appear in a 
further paper on a series of substituted pyrimidines (Brownlie and Sutherland, in preparation). The 
evidence obtained from the 3 » region was not clear-cut, since the absorption frequency of the glycosidic 
NH group is complicated by the absorption of other substituents in the pyrimidine ring, especially that 
due to the NH, group. The full discussion of the region is reserved for the comprehensive paper. 

The double-bond region of the spectrum of 5-nitroso-6-amino-4-p-xylosidamino-2-methylthio- 
pyrimidine is shown in Fig. 1, together with the spectrum of the corresponding triacetyl derivative. The 
bands between 1650 and 1500 cm.~? are known not to be due to CO groups and may be ignored; the 
absorption due to CO groups which appears only for the latter compound is seen to consist of a double 
band, the stronger component being at 1760 cm.“ and the weaker at 1725cm.-1. The former we assign to 
the C=O groups on the C, and C, atom of p-xylose, while the latter (being at a lower frequency) we assign 
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Compound. Fig. Remarks. 
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to the C=O which is bonded to the glycosidic NH group. It might be argued that the splitting does 
not arise from the existence of the bonded C—O group but is due to resonance between the three C—O 
frequencies. That this is most unlikely is proved by the spectrum of 1: 2:3: 4-tetra-acetyl p-xylose 
(Fig. 2) which shows a single C—O absorption band centred at 1750 cm.~. 
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Fig. 3 shows the CO absorption from 6-amino-5-thioformamido-4-triacetyl-p-xylosidamino-2-methyl- 
pyrimidine. The corresponding non-acetylated compound shows no absorption in this region. Here 
again we find a band at 1725 cm.- (the position of the bonded C—O in the analogous nitroso-compound) 
and a band near 1750 cm.-', the normal position for the CO frequency in an acetylated — The 
band near 1750 cm.~ does show definite indications of further structure, but as this particular d was 
examined under specially high resolving power, this is not unexpected and may weil arise from resonance 
between the two non-bonded C=O vibrations or even resonance with the overtone of some lower 
frequency. 
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The comparison between the spectrum of 6-acetamido-4-p-xylosidamino-2-methylthiopyrimidine 
and that of the corresponding triacetylated compound is given in Fig. 4. The former shows a band at 
1695 cm.-!, which by comparison with the spectra of other pyrimidines (not shown here) must be due to 
the C=O bond of the 6-acetamido-group. The latter shows a double band with maxima at 1745 cm.“* 
and 1710 cm.-*. The band at 1745 cm.“ again corresponds to the position for non-bonded acetyl C=O 
groups in the other molecules, while the maximum at 1710 cm.~! may reasonably be fmm yy mone to arise 
from an overlapping of a bonded C—O frequency at 1725 cm.-! with the acetamido C=O frequency at 
1695 cm.", 

Finally in Fig. 5 are given the C—O absorption bands found in 6-amino-4-triacetyl-p-ribopyranos- 
amino-5-(2’ : 5’-dichlorobenzeneazo)-2-methylthiopyrimidine and the corresponding L-arabopyranose com- 
pound. Here we find in each case one strong band (with a few signs of structure) centred at 1750 cm.* 
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and no trace of any absorption near or below 1725 cm. (the position where a bonded CO might be 
expected). The absence of any evidence for hydrogen bonding in the triacetyl-5-arylazoglycosides is of 
considerable interest in view of its presence in the analogous 5-nitroso-compounds. This is in accord 
with the observed fact that, unlike the latter, the triacetyl-5-arylazoglycosides are capable of existence 
in both a- and £-forms. 

Thus in every case where chemical behaviour has caused the introduction of the hypothesis of 
hydrogen bonding, a band has been found in the neighbourhood of 1710—1725 cm.-!, whereas when 
chemical evidence was against chelation a single absorption has been found near 1750 cm.-, the normal 

ition for an acetylated sugar. The infra-red evidence in favour of the original hypothesis of Kenner, 

ythgoe, and Todd may therefore be regarded as virtually conclusive. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, February 11th, 1948}. 





460. The Dipole Moments of N- and C-Substituted Sydnones. 
By J. C. Eart, ELrzanor M. W. Leaxgz, and R. J. W. Le Fivre. 


The dipole moments of seven selected sydnones have been determined in benzene solution 
at 25° by the refractivity method. The values obtained all lie within the range 5—7 Dp. The 
“‘sydnone”’ skeleton seems to contribute a component moment between 5 and 6D. actin 
approximately along the R->N bond axis in each case. The measurements are discu 
relatively to the possibilities of mesomerism in this and certain other series. 

Data for N-nitrosophenylglycine and its benzyl ester are also included. The former does 
not appear to be a “ zwitterion.”” Their two moments have magnitudes to be expected for 
an acid and its ester. No clear decision can, however, be made between the open-chain or a 
hydroxy-lactone formulation for nitrosophenylglycine. 
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Durinc the past twelve years, Earl and his collaborators (J., 1935, 899; 1946, 591) have pre- 
pared a range of ‘‘ sydnones”’ by the treatment of variously substituted N-nitroso-N-alkyl- 
or -aryl-glycines with acetic anhydride. Neither the structures of these new substances (cf. 
Earl et al., loc. cit.; Nature, 1946, 158, 909; Baker and Ollis, ibid., p. 703; Kenner and Mackay, 
ibid., p. 909) nor the mechanisms underlying their formation are yet decided. Earl and Mackney 
(loc. cit., 1985) have demonstrated that the apparent overall reaction is only the removal of 
the elements of water from nitroso-acids, whose formulations are themselves in doubt, since 
they may be free acids (I), zwitterions such as (II) or (III), or hydroxy-lactones of types shown 
by (IV). Earl and Mackney raised the possibility that (IV) or its acetyl derivative (V) might 
precede the isolable “‘ sydnones,” which were formulated tentatively as (VI) (i.e., as lactones 
of 2-hydroxy-1-substituted-diaziridine-3-carboxylic acids). 


8—co 8—co 


> I € | R-N—CR’ 

R-NH-CHR’ *T HR’ R:N-CHR’-CO R:N—CHR’-CO al Fin 
R-N(NO)-CHR’‘CO,H NO -OH (OH) a \o’ 
(I.) (II.) (III.) (IV.) (V.) (VI.) 


Two problems therefore exist: (a) Are the initial substances (I), (II), (III), (IV), or (V)? 
(b) Are the sydnones adequately represented as (VI), and if not, what are preferable altern- 
atives? In this paper we record attempts to investigate these questions by dipole-moment 
measurements. During the work we learned that, independently, similar projects were in 
hand by Dr. Sutton at Oxford and Professor Baker at Bristol. Preliminary results from the 
three groups have already appeared (Nature, 1947, 160, 366, 367). 


EXPERIMENTAL. 


The dielectric-constant measurements have been made with the simple 1 Mc. oscillator described 
by Le Févre and Calderbank (this vol., p. 1950), and the total molecular polarisations at infinite dilution 
evaluated by the equation oP; = M[p,(1 — f) + Cae,], where M = molecular weight of solute, 
Pe, = (€2 — 1)/(€g + 2)d,, and C = 3/d,(e, + 2)" (cf. J., 1937, 1805). The suffix 2 refers to the solvent, 
benzene, for which we take e, = 2-2725 and 2?” =0- 87378. Our determinations (all at 25°) have been 
made relatively to these figures. For the earlier experiments we were compelled to use a Sayce—Briscoe 
type cell of ca. 35 py F. air capacity in conjunction with the vernier of a 50—250 ywyF. Sullivan variable 
air condenser. Observations so obtained are asterisked. Later, a cell of 93 pur. air capacity was 
substituted and a revolution counter (reading to 0-01 turn, i.e., ca. 0-007 pyr.) fitted to the driving 
shaft of the Sullivan condenser. Both accuracy and ease of reading were thus made greater. 

The solutes used were: N-nitrosophenylglycine, m. p. 101-5° (decomp.) (Earl and Mackney, Joc. 
cit., give m. p. 102—103°; N-nitrosophenylglycine benzyl ester, m. p. 55-5—56-5° (unpublished observ- 
ation by Mr. J. Delmenico) ; N-phenylsydnone, m. p. 133—134° (Earl and Mackney give 134—134-5°) ; 
N-p-bromophenylsydnone, m. p. 138—139° (Eade and Earl, this vol., p. 2307, give 137-5—138-5°) ; 
N-phenyl-C-methylsydnone, m. p. 98—99° (Earl and Mackney give 98—99°); C-bromo-N-phenyl- 
sydnone, m. p. 133—134° (decomp.) (Kenner and Mackay, Joc. cit., give 134°); NC-diphenylsydnone, 
m. p. 184—185° (Eade and Earl give 184—185°); N-benzylsydnone, m. p. 66-5—67-5° (Baker, Sutton, 
et al., locc. cit., give 70°; Eade and Earl, 68—69°); N-f-naphthylsydnone, m. p. 161—162° (Eade and 
Earl give 159°, decomp.). 

As solvent for the dielectric-constant and density measurements (Table I), A.R. benzene, dried over 
sodium wire, was fractionally crystallised, one-third rejected, and the melted residue stored over sodium. 
For the refractivities, however, the solubilities of the sydnones were found to be too low in benzene 
for accurate observations on the Abbé refractometer available. Solutions of N-phenyl- and N-f- 
naphthyl-sydnones in redistilled cyclohexanone were therefore used at concentrations of 3—5%. The 
[Rap ao for the remaining sydnones (Table III) were calculated from the results (Table II) so 
obtained. 

Apart from the above points, experimental procedures have been those described by Le Févre 
(‘‘ Dipole Moments,” Methuen, 2nd Edn., Chap. II). The symbols used in the following tables have 
their usual significance (cf., e.g., J., 1937, 1805). 

In the discussion below reference is made to the effect of dissolved N-nitrosophenylglycine on the 
dielectric constant of water or alcohol. Our experiments on these points have been made using a 
small concentric cylindrical condenser, of about 2 pur. air capacity, constructed similarly (except for 
size) to that illustrated in Tvans. Faraday Soc., 1938, 34, 1128, Fig. 2. This was rigidly clamped by its 
earthed lead and immersed to constant depth in the solvent under examination; from it, a coaxial 
—_ connection ran to the oscillator used above, and was attached in place of the lead to the thermostat, 
cell, etc. 

The procedure was as follows: With conductivity water or absolute alcohol as dielectric, and 
the milliammeter indicating that the quartz crystal was only just resonating (the most sensitive setting), 
the vernier reading on the Sullivan condenser was noted. Small amounts of the solute were then 
stirred into solution without disturbing any of the components, and a new setting of the variable con- 
denser found which would restore the original current. An increase of the measured capacity showed 
that ésctation WaS less than égoivent and vice versa. The room temperature was steady at 28° throughout. 
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TABLE I. 
100 w,. e. ay. de. Bay. 100 w,. . a. de. Bad,. 
0-0000 2-2725 0-87378 — —_ N-p-Bromophenylsydnone. 
é : 0-4499 2-3270 0-87585 12-11 0-460 
N-Nitrosophenylglycine. 045365 2-3285 0-87586 12:34 0-459 
0-3745 2-2973 0-87486 6-62 0-288 0-6588 2-3530 0-87678 12-22 0-455 
0-4438 2-3012 0-87508 6°47 0-293 0-8263 —- 0-87756 — 0-457 
04546 2-3015 — 6:38 — 1-1169 — 0-87892 — 0-460 
0-4797 2-3033 0-87515 6-42 0-286 
0-5316 — 0-87528 — 0-282 N-Phenyl-C-methylsydnone. 
: ; 06812 2-4611 * — 27-70 — 
N-Nitrosophenylglycine benzyl ester. 10620 2-5645* 0-87697 27-50 0-300 
1-6890 2-3883 0-87756 6-86 0-224 1-5520 2-6902* 0-87836 26-91 0-295 
2-2725 2-4282 0-87887 6-85 0-224 
2-5780 2-4498 0-87959 6°87 0-225 C-Bromo-N-phenylsydnone. 
; 0-2755 2-3256* 0-87504 19-3 0-457 
N-Phenylsydnone. 0:4752  2-3696* 0-87590 20-4 0-446 
0°3196 2-3691 * 0-87485 30-23 0-335 0-8859 2-4391* 0-87774 18-8 0-447 
04546 2-4017 — 28-42 — 
0-5294 2-4360 * 0-87551 30-88 0-327 NC-Diphenylsydnone. 
0-5668 = 2-4322 — 28-18 — 02261 2-3190* 0-87434 20:57 0-248 
0-5884 2-4424 0-87570 28-87 0-326 0:3593 2-3458 * 0-87473 20-40 0-264 
0-6023 2-4433 0-87571 28-36 0-324 0:4855 2-3681 * 0-87512 19-69 0-276 
0-6843 2-4658 — 28-25 — 
0-7124 2-4754 * 0-87612 28-48 0-329 N-B-Naphthylsydnone. 
0-2500 2-3367 * 0-87459 25-68 0-324 
N-Benzylsydnone. 03163  2-3515* 0-87483 24-98 0-332 
1-1470 2-5389 * 0-87720 23-23 0-298 0-3643 2-3624* 0-87596 24-68 0-324 


1-7650 2-6823 * 0-87910 23-22 0-301 


TaBLe II. 


Molecular refractions. 


100 w. ee. np’. 19. [Rr]. 100 w,. a. ny. .%- ([Re)p. 
N-Nitrosophenylglycine benzyl ester in benzene. 
0-0000 0-8738 1:5095 0-3421 — 25788  0-8796 15120 0-3411 81-9 


2-2725 0-8789 15116 0-3412 81-6 


N-Phenylsydnone in cyclohexanone. 


0-0000 0-94110 1-4502 0-28567 -= 4-866 0-95466 1-4569  0-28522 45-9 
N-B-Naphthylsydnone in cyclohexanone. 
0-0000 0-94111 1-4509  0-28599 — 3-568 0-95110 1-4570 0-28689 66-0 
TaBLeE III. 
Results calculated from mean « and B values. 

Substance. ae€;. Bad,. [Ri]p,c.c. Py, c.c. ps, D. 
N-Nitrosophenylglycine ..............ses0ee 6-47 0-287 53 260 3-18 
N-Nitrosophenylglycine benzyl ester ... 6-86 0-224 81-7 417-3 4-06 

Sydnones : 

PGR adieck  aatisinvsisciclendatesisivie 28-96 0-328 45-9 917 6-53 
N-p-bromophenyl- ...........sseeeeeseceees 12-22 0-458 53-8 593 5-13 
* N-Phenyl-C-methyl-  ..............seec00e 27:37 0-297 50-5 946 6-6 
* C-Bromo-N-phenyl- ...............seseeeees 19-5 0-450 53-8 923 6-5 
O PEE Steslcerociiscsedcncsctesdenes 20-22 0-262 69-9 963 6-6 
© PEE, cinntdanirdonetocnessnccseveseieeinn 23-22 0-299 50-5 808 6-1 
© AN > inj 0 deied dei sei stensrsioed 25-1 0-326 66-0 1045 6-9 


For comparison, we include data recently received (private communication) from Dr. Sutton, 


together with (in parentheses) the moments reported earlier by Baker, Ollis, Poole, Barltrop, Hill, and 
Sutton (Nature, 1947, loc. cit.) : 





ps, D. ps, D. 
N-Phenylsydnone .............sssseeseees 6-47 (6:50) N-Benzylsydnone.............scccceccesseeeeeeees 6-28 
N-f-Tolylsydnome .............scsscsssess 6-86 (6-93) | C-Bromo-N-phenylsydnone .............0.... 6°42 
N-p-Chlorophenylsydnone ............ 5-00 (5-04) N-Phenyl-C-methylsydnone .................. 6°56 


N-cycloHexylsydnone  ..............000+ 6-70 (6-62) NC-Diphenylsydnone ................sssesseeees 6-62 
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N-Nitrosophenylglycine was thus found to lower the dielectric constants of both water and alcohol, 
but to a less degree than did aniline and acetanilide. With acetamide the diminution was slight but 
observable. We view this last fact as justifying our conclusions (see below), although observations 
were only made qualitatively. As a further check we examined successively specimens of chloroform, 
ether, chlorobenzene, acetone, and nitrobenzene, and plotted condenser readings against dielectric 
constants. From the resulting curve our settings for daiate alcohol and conductivity water corre- 

nded to « = 23-8 and 77-4, respectively, in good agreement with accepted modern values (Akerléf, 
7. dam. Chem. Soc., 1932, 64, 4125; Jones and Davies, Phil. Mag., 1939, 28, 307). 


DISCUSSION. 


The measurements now reported indicate that N-nitrosophenylglycine lacks the polarity 
of the true zwitterions. The actual dipole moments of such molecules, although never yet 
divectly measured, have been deduced from the alterations of dielectric constants of polar solvents 
which follow the addition of zwitterionic solute, the relevant observations being commonly 


+ - 
expressed as the ratio Ae/Ac per mole. Thus the series NH,*[CH,],°COO has Ac/Ac = + 26, 
+ 35, + 52, + 70, + 73, + 86 per mole for m = 1 to 6 respectively (Wyman, Chem. Reviews, 
1936, 19, 213). It is relevant to note that phenylglycine itself shows Ae/Ac = ca. 30 per mole 
(Devoto, Gazzetta, 1934, 64, 371). These figures refer to solutions in water. The contrast 
with similar data for substances soluble in both water and benzene is important. Thus aniline, 
vu = 16. in benzene, has Ae/Ac = — 7°6 per mole in water, while for phenol, acetamide, 
s-dimethylurea, and dimethylanthranilic acid (VII) the corresponding data are 1°6: — 6°6, 
3°6 : — 0°8, 4°8: + 3°0, 6°3: 12—17 (Wyman, Joc. cit.). The comparison of (VII) with o-benz- 
betaine (VIII; Ae/Ac = 19 or 20, Devoto, loc. cit.; Edsall and Wyman, J. Amer. Chem. Soc., 
1935, 57, 1964) suggests that (VII) is not fully dipolar. 
Wyman (ibid., 1934, 56, 536; 1936, 58, 1482) and Kuhn (Z. physikal. Chem., 1935, 175, A, 1) 
conclude from the rough proportionality between Ae/Ac and molar polarisation that pgiyoine iS 
about 12 p., .e., close to the value to be expected on elementary theory. ; 


NMe, | 
@ 


NMe, 
(VII.) (VIII.) (IX.) 


The examples (VII) and (VIII) are especially mentioned since in conjunction with (IX) 
they illustrate another test for a zwitterionic structure of nitrosophenylglycine. 

The methyl ester (IX) isomeric with (VIII) has p = 2°05 p. in benzene (Wyman, Joc. cit. ; 
Wyman and McMeekin, J]. Amer. Chem. Soc., 1933, 55, 915) in common with other amino-acid 
esters. From nitrosophenylglycine to its benzyl ester, however, we find no diminution of 
moment, but instead an increase of 0°9 p.—a change in the expected direction for a normal 
acid-ester relationship (e.g., CH,-CO,H, 1°7; CH,°CO,Ph, 1°9; Ph°CO,H, 1:0; Ph*CO,°CH,Ph, 
1‘9—2°1, cf. Trans. Faraday Soc., 1934, Appendix) and quite contrary to that inferred for 
the amino-acid and ester pairs, and dimethylanthranilic acid and its methyl ester, cited 
above. 

We conclude therefore that formule of the types (II) and (III) contribute negligibly to the 
real structure of N-nitrosophenylglycine and may be eliminated. 

No decision between (I) and (IV) is possible on available evidence, since the moments 
now found for the acid and its benzyl ester both fall between the extreme values 
which may be forecast for various configurations of (I) or (IV) by the application of link 
moments (Eucken and Meyer, Physikal. Z., 1929, 80, 397) to reasonably assumable scale 
models. 

Turning now to the sydnones themselves (Table III), it is seen that the ten examples, for © 
which data are now provided, have moments between 5 and 7p. If, throughout all sydnones, 
there is a fixed and recurrent “ nucleus ”’ of atoms, then likewise there should be a fixed and 
recurrent ‘‘ nucleus ” moment, which, compounded with appropriate substituent link moments, 
should enable the observed value for any member to be calculated from that for its unsubstituted 
parent. Very roughly this does seem to be the case for the N-phenylsydnones, since, taking 
uC > halogen as 1°55 p. and pC < Me as 0-4 p., angles of interaction, 0, are calculable from 
Table III as follows : 
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Angles between lines 


Substance. 6. of action.* 
C-Bromo-N-phenylsydnone ..........ssccsesesesececeesenereneeees 98° 98° 
N-Phenyl-C-methylsydnone ..............ccsscccccsscccccsescscsees 82 98 
WD TOPIVOMAED osc ccsccrcsccctscscescctsscsecocscsensosscsecosoose 13 167 
N-p-Chlorophenylsydnone — ..........ccccccccccccecccesccccccocece 164 164 
N-p-Bromophenylsydmone ...........sesesesereceeseseeeserereeee 158 158 


* Measured anticlockwise from the direction of action of the N-phenylsydnone moment. 


It is therefore obvious that, as stated by Sutton et al. (Nature, loc. cit.), the moment of 
N-phenylsydnone can be viewed as operative in derived molecules and acting within 20° to 
the Ph-N bond, with its negative pole directed away, through the N atom, from the substituent. 
It will be noted also that from the ~-bromo- to the C-bromo-member there is a 6 difference of 
oa. 60°, and from the p-methyl- to the C-methyl-, one of ca. 70°. It may be significant that on 
a flattened model with N and C intervalency angles of 120° and 110°, respectively, the R-N 
and H-C directions intersect at 65°, while for a regular 5-ring (such as XIX, XX, etc.) the 
corresponding angle should be 72°. These calculations, although too sensitively affected by 
variations in the component values adopted to justify more than semi-quantitative conclusions, 
nevertheless indicate nothing against the idea that sydnones contain a common structural 
atomic arrangement. The case of quinoline (J., 1935, 1470) may be cited as an extreme analogy 
since its moment can appear to act over a range of 50° in various alkylquinolines or over a range 
of 33° in the 5-, 6-, and 8-nitro-derivatives; yet the quinoline nucleus indubitably persists 
throughout. 

The next point for remark is the general high order of moment now found for sydnones. 
Uncertainties of space formulation and absence of analogies make it difficult to forecast a 
series of ‘‘ expected ’’ values for the two unperturbed ‘‘ Lewis ”’ structures (VI) and (X) which 
have been included in earlier discussions (Earl and Mackney, Joc. cit.; Earl, Nature, 1946, 158, 
909). For (X) we have already noted (Nature, loc. cit.) that the moments of N-nitroso-methyl- 
and -ethyl-anilines are 3°62 and 3°61 p., respectively (Cowley and Partington, J., 1933, 1252), 
while that of keten is 1°45 p. (Hannay and Smyth, J. Amer. Chem. Soc., 1946, 68, 1357), so 
that the highest likely moment of a molecule containing these units without modification is - 
5-1 pv. Regarding (VI), Sutton e¢ al. (loc. cit.) comment that its moment should not be greater 
than that of a y-lactone (4°12 p.; Marsden and Sutton, J., 1936, 1383). The measured figure 
is, however, ca. 2°4 p. more. ; 

In our preliminary note (Nature, loc. cit.) we interpreted the results then available as indicat- 
ing mesomerism (Ingold, Chem. Reviews, 1934, 15, No. 2; Sutton, Trans. Faraday Soc., 1934, 
80, 789; Zahn, ibid., p. 804) between a number of dipolar extreme forms. Many of the stereo- 
chemically awkward “‘ bridged ” formulations proposed by earlier workers are now rewritten 
in this way. The various “‘ endo’’-compounds discovered by Busch and his collaborators 

(J. pr. Chem., 1899, 60, 187; 1903, 67, 201, 216, 243, 257, 263; 1930, 124, 301; Ber., 1905, 
88, 4049) include some relevant examples, such as the “ isodithiobiazolones ’’ (XI) or (XII), 
the “‘ thiotriazolines ’ (XIII) or (XIV), “ nitron’”’ (XV) or (XVI), etc. Schénberg (/J., 1938, 
824), referring to the conceptions of Ingold (J., 1933, 1120) and Sidgwick (J., 1937, 694), sug- 
gested that the real states of Busch’s compounds are resonance hybrids to which betaine forms 
such as (XVII) or (XVIII) contribute. 





No R-N—CR’ R-N—CR’ R-N—CR’ R-N—CR’ 
Ss Ss S< )NR” 
No 1223 _ Vas N==C 
(X.) (XI.) (XII) (XIII.) (XIV.) 
Ph:‘N=CH PhN—CHS 
Ph:N—CH Ph:N———CH NPh 
| / >NPh iF PhN< >NPh =CNPh a. 
—C:NPh ===C (2) « 
(XV.) (XVI.) (XVII) (XVIII) 


As mentioned on p. 2272, a fully formed zwitterion should have a moment of 20 or more p. 
units. Ingold’s and Sidgwick’s treatment, on the other hand, allows a lower moment than 
this to be observed experimentally; in fact, nitron shows yp = 7°‘2 p. (in benzene; Warren, 
J., 1938, 1100). In the same way the unexpectedly high moments of a number of a- and 
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y-pyrones (for some of which, incidentally, ‘‘ bridged ’’ structures were once current; see 
Collie, J., 1904, 85, 971; Homfray, J., 1905, 87, 1443) have been ascribed to contributions 
from several forms, certain being completely polar (Hunter and Partington, J., 1933, 87; 
Le Févre and Le Févre, J., 1937, 196, 1088). Jensen and Friediger (Kgl. Danske Vidensk. 
Selsk., 1943, 20, No. 20) have recently made a valuable and comprehensive dipole-moment 
study of resonance effects among heterocyclic systems, including nine of Busch’s compounds, 
eight of which show high polarity, exemplified by the following : 


& 
Ph-N—CPh 
Ph-N—CPh Ph-N—CMe | >NPh 
»s | )>NPh N=C—NPh 
N=C—Se N=C—Se 8 
“2: 3-Diphenyl-2: 5- “1:4-Diphenyl-5- “1:4:5-Triphenyl- 
endothio-1:3:4- methyl-3: 5-endo- 3:5-endoanilo- 
thiodiazolin,” pp = 8-8 thio-1 : 2 : 4-triazolin,’’. 1:2: 4-triazoline,” yp 
D. in C,H, or 9-1 D. in p = 8-4 D. in CHCl. = 9-1 pb. in C,H, or 
dioxan. 8-8 D. in dioxan. 


These authors also explain their results by mesomerism between polar “‘ amphoionen ”’, but 
mention as probable “ das fiir die Konstitution dieser Verbindungen auch unpolare, biradi- 
kaloide Formeln von Bedeutung sind ’’. 

Arising out of the considerations noted above, we therefore imagine each sydnone to be a 
stable hybrid, containing a roughly regular 5-ring, to which (VI), (X), and several dipolar 
structures [e.g., (XIX)—(XXII)] may contribute. Formula (XIX) is the activated form of 


R-N—CH & 
Ph-N—CH® i R-N—CH R-N—CH® 
| N C—0o9 I | he 
(XIX.) (XX.) (XXL) (XXIL.) 


(VI) [without the charge signs (XIX) would correspond to the “ biradikaloide”’ formule of Jensen 
and Friediger, Joc. cit.]; (XX) has some analogies with the polarised a-pyrones (cf. Clayton, 
J., 1908, 98, 524) and, further, the nitroso-group is known to act as a ‘‘ donor”’, forming 5- 
or 6-rings, in the metallic derivatives of ‘‘ cupferron”’ or the nitroso-naphthols; (XXII) is 


suggested because a 25% contribution of CH,—C=O has to be assumed to explain the observed 
dipole moment of keten (Hannay and Smyth, loc. cit.) vis d vis that of an ordinary ketone. 
Neither (X) nor (XXII) can be eliminated on the ground that sydnones do not react chemically 
as nitroso-compounds, since some of the metal complexes just cited also fail in this respect; 
(XI) corresponds to the formula given by Kenner and Mackay (Nature, loc. cit.) to the mono- 
bromination product of N-phenylsydnone. The directions of action of the high moments 
expected for each of the contributors will clearly differ sufficiently for their effects, in the real 
state, to be diminished by partial mutual cancellation. They are not undetectable, however, 
and from the conclusion drawn earlier (p. 2273) it is evident that forms with the substituted 
nitrogen bearing a positive charge (such as XXI) predominate. 

We have previously mentioned the possibility that mesomeric shifts may also occur in the 
aryl radicals of sydnones, thus allowing quadripolar forms further to affect the observable 
moments. The low value (Table III) for N-benzylsydnone (where conjugation with N is broken 
by interpolation of, >CH,) and the high moment of N-naphthylsydnone could partly be caused 
in this way. We now note, however, that electrostatically induced moments in the various 
nitrogen-held groups would qualitatively appear to operate in the same sense. Any sub- 
stituent on the nitrogen atom will be more or less in line behind the point of action of the 
principal moment and hence (cf. Smallwood and Herzfeld, J. Amer. Chem. Soc., 1930, 52, 1919) 
the induced and principal moments will augment one another. With the benzyl derivative, 
the phenyl ring will obviously be some 70° (i.e., 180° — 110°) out of line. Calculations on this 
suggestion must be somewhat uncertain since neither the precise position nor the value of the 
“nucleus ” moment is known. Generally, however, the moments, yu, and p,, induced in a group 
whose polarisability is equivalent to « c.c. at (r)(6°), by a primary dipole, p, situated at the 
pole and acting along the original line of a set of plane polar co-ordinates, are given by pu, = 
au[(e + 2) /3e][(3 cos? 6 — 1)/r*] and p, = ap[(e + 2)/3e)[(3 sin 6 cos 6)/r5], « being the di- 
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electric constant of the intervening space (=2°4), so that when the vectorial angle 6 is between 
55° and 125° pu, and u will not co-operate but oppose. 


err 





Drawn using the following interatomic distances (a.): C-C, 1-54; CAr.-CAr., 1-46; N-N, 1-48; O-O, 
1-48; C-O, 1-43; C-N, 1-47; C=O, 1-28, and N=O, 1-18 (Pauling and Huggins, Z. Krist., 1934, 
87, 205; Schomaker and Stevenson, J. Amer. Chem. Soc., 1941, 68, 37). 


If the “ nucleus ’”? moment (see p. 2273) is located as indicated in the figure, and the C,H, 
polarisability is effectively at the centre of the Ar-ring, the scale drawing shows that 6 in 
benzylsydnone is between 140° and 150° while that in phenylsydnone (broken lines) is approx- 
imately 180°. The radius vectors, 7, are likewise ca. 4°6 and 4-0 ., respectively. In the two 
molecules yp, should therefore augment p in each case, but in the ratio 1:3. On the basis of 
the figure and Stuart and Volkmann’s estimate (1°23 x 10 c.c.; Ann. Physik, 1933, 18, 121) 
of « for the plane of the benzene ring, yu, for N-phenylsydnone appears to have an absolute 
value of 0°235p unit (whence, from our measurements, y is around 5°3 p.), while for the benzyl 
compound p, = 0°42 and p, = 0°57 D., so that the resultant induced moment is 0°7 p. acting 
in the general direction of the principal moment. Although the application of more refined 
calculations, e.g., the method of Sugden and Groves (J., 1937, 1992), would probably produce 
somewhat lower figures, nevertheless it is evident that induction effects alone may easily account 
for the relative moments observed for benzyl- and phenyl-sydnones. 

By similar arguments, the resultants for N-f-naphthyl-, N-cyclohexyl-, and N-phenyl- 
sydnones should diminish in the order named, 1.e., the order of the polarisabilities of naphthalene, 


cyclohexane, and benzene for which [Rz])p = 44°4, 27°7, 26°1 c.c., respectively. This is the 
order found by experiment. 


The authors are grateful to Mr. J. Delmenico for the preparation of various specimens including 
the hitherto undescribed benzyl ester of N-nitrosophenylglycine (selected since it is solid at ordinary 


temperatures), and to the Chemical Society for permission to retain certain apparatus previousl 
purchased with grants from their Research Fund. ’ 
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461. The Autoxidation of Methyl Oleate and Linoleate, and the 
Decomposition of the Oxidation Products: A Theoretical Discussion. 
By G. Puitip GIBson. 


By the logical development of a free-radical hypothesis an attempt is made to explain 
the results obtained when methyl esters of the C,, acids from palm oil are partly oxidised and 
then distilled. The activation of the molecules is considered to proceed by bond fission, each 
broken bond resulting in two centres of activity which may rearrange to form free radicals or new 
bonds. Components that may be activated are an oxygen molecule, and methylene, tertiary 
carbon, or unsaturated groups. The autoxidation is divided into two stages: (i) the induction 


period, during which the initial formation of a hydroperoxide from methy] linoleate takes place, 
7H 
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and (ii) the autoxidation proper, which is catalysed by the hydroperoxide. Stage (ii) is a 
chain-reaction cycle operating through the H= and HOO= free radicals. The structure of the 
hydroperoxides from methyl oleate and linoleate is forecast. 

The hydroperoxides decompose more or less quickly and reaction occurs through either (A) an 
oxygen atom diradical, O=, or (B) a hydroxyl radical,=-OH. A hydroperoxyl group attacks 
methylene, tertiary carbon, or unsaturated groups within its own or other molecules, which may, 
thereby, be split into two parts or give mono-, di-, or tri-meric products. The chief 
decomposition products are considered to be derivatives of a-unsaturated hydroxy-esters, 
*CH:CH-CH(OH):, af-dihydroxy-esters, -CH(OH)-CH(OH):, and carbonyl compounds, -CO-. 
Figures and tables are given illustrating the activation, autoxidation, and decomposition 
reactions which are likely to occur with methyl oleate and linoleate. 


Tue unsaturated system, comprising a mixture of oleate and linoleate, is of very frequent 
occurrence in oils and fats and it may be exposed to autoxidation and subsequent heat treatment 
in many natural or technical processes. Interest in this subject was stimulated by anomalous 
results obtained when working with methyl esters of unsaturated fatty acids which normally 
can be distilled without decomposition. The phenomenon was, therefore, investigated by 
deliberately autoxidising (p. 2290) and then distilling C,, methy] esters from palm oil which consist 
of methyl stearate, oleate, and linoleate. In the distillation of these autoxidised esters a high 
vacuum was not easily maintained, particularly during the initial and final stages of the operation. 
During the preliminary heating, the hydroperoxides present rapidly decomposed, the peroxide 
value quickly fell to zero, and unpleasant non-condensable vapours were evolved. The 
distillation products, briefly, were as follows: (1) A yellow aldehydic fraction, which amounted 
to 30—40% by weight of the initial hydroperoxide and was more volatile than the C,, methyl 
esters. (2) Colourless unoxidised esters. (3) A yellow oil less volatile than the C,, methyl 
esters. (4) A brown residue which was the main oxidation product and weighed twice as much 
as the hydroperoxide consumed ; its iodine value, 63—65, showed to what extent the unsaturation 
had been reduced by oxidation, and it had a higher saponification value than that of the original 
ester in spite of the addition of oxygen to the molecule. 

During autoxidation, hydroperoxidation was accompanied by loss of iodine value. This 
is in agreement with the work of Hilditch and Atherton (J., 1944, 105) and Paquot (Oleagineuz, 
1947, 15). Farmer and Sutton (J., 1943, 119) and Bolland (Proc. Roy. Soc., 1946, A, 186, 218), 
however, maintain that hydroperoxidation proceeds without loss of unsaturation. 

When saponified, autoxidised esters darkened appreciably; those that had been heated 
above 100° darkened more than those that had not. 

In this paper an explanation is presented for the mechanism of autoxidation in the case of 
methyl oleate and linoleate, and for the simultaneous or subsequent thermal decomposition of 
the autoxidised products. The explanation follows from a consideration of experimental data 
both of the author and of many other workers. The basis of the hypothesis is the activation of 
covalent bonds before their breaking, and the sharing, between the affected atoms, of the 
liberated free energy which accompanies the activation. Thus when a bond is activated and 
is about to break, ¢wo centres or regions of activity are formed, one at each of the atoms to which 
the bond was attached. It appears probable that an active centre is in fact due to a particular 
state of excitation of one of the electrons which formed the original bond. Throughout this 
paper centres of activity are shown diagrammatically in short heavy lines. 

Three cases have to be considered, as shown under activation of covalent bonds in Fig. 1. 
First, by breaking of a single bond, two free radicals are formed with a centre of activity in each 
of two separate molecules or atoms. Secondly, by rupture of one of the bonds in a double 
bond only a diradical can be formed with two centres of activity in one molecule. Finally, by 
breaking of the two bonds of a double bond simultaneously, two free diradicals are formed with 
centres of activity in each of two separate molecules or atoms. Centres of activity may be 
formed only momentarily and may react further according to the experimental conditions to 
form free radicals or new bonds as follows : 

(I) The atoms or groups of atoms to which the centres of activity are attached may assume 
a separate existence as free radicals (Reaction I, Fig. 1). 

(II) A free radical formed by Reaction I may attack an activated or breaking bond and give 
a new bond and a new free radical (Reaction II, Fig. 1). This mechanism is typical of a chain 
reaction and is the means whereby activity is transferred from atom to atom. Such reactions 
involving free radicals usually occur at a high speed. 

(III) Two activated bonds may react together to form new bonds (Reaction III, Fig. 1). 
Reactions of this type take place at a low speed. 

The extent of the activation is extremely small, possibly of the order 10-#* mole; it is to be 
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regarded rather as a tendency for a bond to break than as an equilibrium between two free 
radicals. 

Components that may be activated are oxygen molecules, methylene groups, tertiary 
carbon groups, and unsaturated groups. The oxygen molecule will be considered first, and then 
that of the unsaturated system. The latter includes the general case of an isolated double bond 
as in methyl oleate, that of two double bonds separated by a methylene group as in methyl 
linoleate, and finally that of two conjugated double bonds. The last-named system, although 
not at first present, occurs in autoxidised methy] linoleate. 


Fic. 1. 


General scheme for activation of organic molecules, for formation of free radicals, and for reaction 
between active bonds 


Key to all formula. 


«=== Breaking or joining bond showing active centres. 
- Active or free portion of bond. 
= Double bond causing activation. 

—X\— 


Methylene group Spo 


) 
S, T, P, &Q May be any carbon, hydrogen, or oxygen atom. 


Activation of covalent bonds. 


A single bond : Cm—H OeeH C=—=—C C=—=O 
-One bond of a double bond : CH OOOO 
Both bonds of a double bond : cesc ogso 
Reaction after activation. 
Free Free 
radical radical 
j a S== =P S——P 
a ae ne 
T= 
II. | 4 . Free radical 
ree o-_ 
radical ™ = 7 ; + 
As T= =—P T—P 
Breaking Joining 
bond bon 
Sa == T Zz 
sot td. 
= . ai pa Lo b ) 
. +> 
S= —=T T 
P—2Q ~, 2 \ i 
\ fe: — > } —_> + 
Q= =P 
Breaki Joining 
bonds bonds 


The oxygen molecule may be activated as shown in Fig. 2. It is the simplest component 
of an autoxidising system and always gives rise to an active diradical. By Reaction II, Fig. 1, 
the oxygen molecule and an active hydrogen atom produce an active hydroperoxyl radical. 
These radicals, and others containing oxygen, may react in either the bivalent or the quadrivalent 
state. 

In the case of an isolated double bond, the activation of the molecule is shown in Fig. 3 and 
Fig. 4 (a). a-Methylene groups, usually present on either side of the unsaturated group, may 
become activated by the double bond [Fig. 3(1)]. Besides the ordinary additive properties 
of the double bond which may be represented by Fig. 3 (2), there is also the possibility of combined 
activity as in Fig. 3 (3). In this, the two activities, Fig. 3 (1) and (2), are stimulated at the same 
time, the free energy being suitably distributed over four atoms. Combined activity, Fig. 3 
(3), occurs during the rotations of the activated parts of the bonds when they are spatially 
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neareach other. Such a situation arises frequently where there is free rotation of the methylene 
group about the C-C axis as in oleic acid, but not at all when the groups are locked in a ring as 


Fie. 2. 
Alternative states for oxygen, hydroperoxides, and related molecules. 
Quadrivalent Bivalent 
state. state. 

Oxygen molecule a. we = o-o0 => 00 

Active Inactive Active 

+ + 

Hydroperoxyl radical — = —O—O—H 
Hydroperoxide Yi = R—O—O—H 
Peroxide free radical O= R—O—O= 

+ + 
Free hydrogen H= H= 

Type A. Type B. 

R 
Mode of hydroperoxide decomposition wow So R—O=——0OH 

Type A. Type B. 
Hydroperoxide decomposition ROH + =O RO= + =—0 
products Inactive + Oxygenatom Active + Hydroxyl 

hydroxy- diradical oxy- radical 
compound compound 
Fic. 3. 


Modes of attack on double bonds. 


a a ae 


bind ‘ree’ ™~ oy / 
i ¥ ¥ 
(1) a-Methylene (2) Double-bond (3) Combined 
reactivity. addition. activity. 
H. H. 
oof & ME & 
' H H . H 
HC Hc-oon HC, : a — Hy 
a @ iy af hal hae c 
H H "a “a rs} "4 Na 
Hydroperoxide Peroxide from Peroxide from Hydroperoxide 
from (1). (2) (Franke). (2) (Paquot). from (3). 


in cyclohexene. The mechanism of autoxidising fatty unsaturated molecules is best explained 
by this combined activity [Fig. 3 (3)]. 

The activity associated with the linoleate system is of a much higher order than that of an 
isolated double bond. Unsaturated groups on either side of the 1l-methylene group are 
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responsible for this enhanced effect. The activation of the linoleate molecule before 
autoxidation is shown in Fig. 4 (0). 

For the activation of the conjugated linoleic system, free energy may be transferred along 
the chain of unsaturation so that a relatively distant a-methylene group becomes activated 
for hydrogen abstraction, as shown in Fig. 4 (c). The examples, Fig. 4 (a), (b), and (c), of 
activity in the system methyl oleate—methyl linoleate are cases of the combined activity 
previously discussed [Fig. 3 (3)]. In the conjugated linoleate, there is a further possibility. 
The resonating bonds present therein so reinforce or react with each other that a-methylene 
activity comes into play [Fig. 3 (1)] as in cyclohexene or tetralin. Thus, any of the four tertiary 
carbon atoms in the conjugated system may become activated because of their «-relationships 


Fic. 4. 
Types of hydroperoxides formed from methyl oleate and linoleate below 60°. 


Initial attack. Product. 
(a) Methyl 9-oleate. Hydroperoxide. 
1110 9 8 
HX HES GAG -CHy X00, Me iii ge 


hobon 


(b) Methyl 9 : 12-linoleate. 


13 13 1 10 a 
H-X,-CH,-CH={CH—HC——HC—CH-CH,'X,°CO,Me 
in it eN/ lien. es 


‘Ga + t 


H 
(c) Methyl 9 : 11-linoleate (conjugated). (Identical) 
H: X,° CH,—H = AO RS CH: CH,’ X,°CO,Me 1 
VY = oe ae 
i 7 H-X,.CH,-CH:CH-CH:CH-CH-CHy'X °CO,Me 
OH 


H 
(d) 9: 11-Linoleate (1 : 2 addition). 


HX CHy Ceiy Cote BSC Hy KOO Me a 


i don " 


(e) Methyl 9: 11-linoleate (1 : 4 addition, ring form). 


H H 
3 2 
H-X,-CH,-CH,—HC= , as CO,Me H-X,-CH,-CH, CH-CH-CH:C-CH,'X °CO,Me 
™ . (or ring form) - 


(Type ;, activity (cf. Fig. 3) is: (a)—(c), type (3); (d)—(e), type (1)]. 
to double bonds. The tertiary-carbon activation of the ordinary form of conjugated linoleate 
is shown in Fig. 4 (d), and that of the extreme 4-ring form in Fig. 4 (e). As autoxidation 
progresses, the types of activity shown in Fig. 4 (c), (d), and (e) develop and play an increasing 
part in the reaction, although they are not present originally. 

The activation of molecules shown in Figs. 1—4 is concerned primarily with autoxidation, 
but it is evident that the principle is of very general application. The decomposition of hydro- 
peroxides has been interpreted on this basis. The hypothesis could readily be applied to other 
processes requiring hydrogen abstraction such as condensation, or to those catalysed by light 
or heat such as polymerisation. Spatial proximity of reacting groups is an important factor in 
this connection; ¢.g., reaction between the l- and the 4-position may occur in suitable 
circumstances, 

During recent years, many investigations have been carried out on the autoxidation of 
unsaturated esters, and with reference to Fig. 3, (1), (2), and (3), emphasis has been laid on : 
(1) attack at the methylene groups adjacent to the double bond assisted by the presence of 
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active or free atoms and radicals (Farmer, Bloomfield, Sundralingam, and Sutton, Trans. 
Faraday Soc., 1942, 88, 348) [Fig. 3 (1)]; (2) direct attack at the double bond (Hilditch and 
Gunstone, J., 1945, 836; 1946, 1022). 

It appears that in (1) hydrogen is removed from an a-methylene group and is replaced by a 
hydroperoxyl group. The double bond remains in position to yield in the case of oleate the 
9-unsaturated 8- or 1l-hydroperoxide. On the addition of oxygen to the double bond as 
suggested by Franke and Paquot [see Fig. 3 (2)], however, there is no hydrogen abstraction and 
the double bond is completely saturated. As there is no direct experimental evidence to support 
these hypotheses, Farmer has introduced the idea of mesomerism in an endeavour to harmonise 
the facts with his a-methylene theory [Fig. 3 (1)]. Such reactions, however, do not occur till 
180° is reached and would involve the conjugative isomerisation of a large part of the linoleate 
which has not been observed. According to Hilditch [see (2) above], the primary addition of 
oxygen to the double bond is followed by an indefinite rearrangement of the bonds, including 
those of the methylene groups adjacent to the original double bond. On these grounds Hilditch 
explains the almost stoicheiometric production of conjugated unsaturation in autoxidising 


Fie. 5. 
Comparison between methyl oleate and methyl linoleate : Initial formation of hydroperoxides 
from linoleate. 

Methyl oleate. Methy] linoleate. 
Solitary active double bond. Two active double bonds. 
—CH—HC 5CH— —CH=CH—CH—HC._CH— 

! \ i x 

; XN 
Active oxygen Direct Active oxygen 
molecule attack molecule 


| Bond rearrangement. 
- —CH,—HC—CH— —CH=CH—CH—HC—CH— 
| A Al | 


bf ix «bs 
| | 


Hydroperoxide. 
Rats i gil —CH=CH—HC— CH: — 
_ 
System inactivated : no further reaction. meee _— 
H 
Autoxidation proceeds. 


methyl linoleate. This led the author to consider the possibilities for bond movement in such 
a system and resulted in the idea of combined activity [Fig. 3 (3)], and this, in turn, led to the 
postulation of a satisfactory mechanism for the autoxidation of methyl oleate and linoleate. 

The mixture of oleate and linoleate has already been considered by Hilditch and Gunstone 
(loc. cit.). They showed that methyl] oleate free from linoleate is very resistant to autoxidation 
but that the reaction may be catalysed by methyl linoleate. A hydroperoxide also acts as a 
catalyst (Bolland, Joc. cit.). Light or heat accelerates autoxidation and the induction period 
can then be reduced to vanishing point. During the autoxidation of methyl linoleate itself 
there is no appreciable induction period (Bolland, locc. cit.; Bergstrom, Arkiv Kemi, Min., 
Geol., 1946, 21, A, 1), and a hydroperoxide is obtained directly on treatment with oxygen. The 
reaction mechanism for methyl linoleate, therefore, differs from that for methy] oleate. 

The autoxidation of a mixture of methyl oleate and linoleate, however, has a _ well-defined 
induction period and the reaction is typically auto-catalytic. It may be divided into two 
stages: (i) the induction period, when the initial formation of a hydroperoxide from methyl 
linoleate and oxygen is taking place, and (ii) the autoxidation proper, in which both methyl 
oleate and linoleate are undergoing oxidation catalysed by the. hydroperoxide formed in (i). 

In order to account for the slow initial reaction (i), it is suggested that molecular oxygen 
when activated by light or heat contains a small concentration of an active diradical in which 
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there are two points of activity as shown in Fig. 2. This active oxygen molecule attacks the 
linoleic molecule, which is activated as shown in Fig. 3 (3), by Reaction III, Fig. 1. After this 
initial attack, a second double bond is still present having its full capacity for activating the 
a-methylene group. One of the hydrogen atoms of this group is, therefore, transferred to one 


Fic. 6. 
Propagation of the chain reaction for forming hydroperoxides from methyl oleate and linoleate. 


(1) H*X,°CH!CH-CH:CH-CH-X,CO,Me == H-X,*CH:CH-CH:CH-CH-X,°CO,Me 










































































Linoleate hydroperoxide. 
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Y First reaction in chain hpdengen 
J 
(2) |H=| + 0-0 —> — OO— —> HOO— 
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Active Molecular H i _— tts 
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Methy!] oleate. | Methy] linoleate. 
(3) Direct attack on double bond: second reaction in chain. 
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Sy ee 
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(5) Bond rearrangement with hydrogen abstraction: third reaction in chain. 
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(7) Completion of cycle by return of active hydrogen to origin. . 





























(7) 
epee ee = nea tae 
H H 
Oleate + | Ho - + Linoleate 
hydroperoxide hydroperoxide 
Active hydrogen Active hydrogen 
Slow autoxidation rate. Fast autoxidation rate. 








of the oxygen atoms again by Reaction III, Fig. 1, and a hydroperoxide is formed as illustrated 
in Fig. 5. The high activity in the linoleic system contrasts strongly with the very low activity 
in the oleic system (Fig. 5). When a double bond, as in methyl oleate, is attacked, the adjacent 
methylene groups lose their activity because the source of this activity—the double bond—has 
been saturated. The two molecules mutually deactivate each other and there is no further 
reaction. 
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Once a critical but small concentration of hydroperoxide is reached through reaction (i), 
corresponding in the present case to a Lea figure of 20, the system becomes autocatalytic (ii) 
and oxidation then proceeds at a high but steady rate. A mechanism depending on a 
chain-reaction cycle is required to account for this behaviour. It is evident that a hydroperoxide 
in the presence of oxygen can supply the active radicals necessary for the propagation of such a 
chain reaction. It is suggested, as shown in Fig. 6, that these active chain carriers are the free 
hydrogen and hydroperoxy] radicals (=H and —OOH, respectively). A hydroperoxide formed 
during the induction period (i) gives an active hydrogen atom by Reaction I, Fig. 1, which then 
reacts with molecular oxygen to give an active hydroperoxyl] radical [Figs. 2 and 6 (2)]. The 
latter attacks any nearby double bond directly [Fig. 6 (3)] and, by bond rearrangement, forms 
a new double bond and liberates an active hydrogen atom [Fig. 6 (5)]. These three stages, 
Fig. 6 (2)—(6), proceed consecutively, each by Reaction II, Fig. 1, and form a typical chain 
reaction. This completes the cycle, and the system, which initially gives rise to the active 
hydrogen, is not disturbed and does not necessarily take part in the other stages of the auto- 
oxidation. During the induction period (i) the necessary concentrations of active radicals for 
propagating the chain-reaction cycle is being built up, and reaction becomes autocatalytic (ii) 
as soon as this is achieved. 

The difference between the autoxidation of methyl oleate and that of methyl] linoleate is 
again emphasised when considering it as a chain-reaction cycle (cf. the induction period above). 
This is very clearly demonstrated in Fig. 6, where the chain reactions are set out side by side. 
The first and the second reaction in the chain are identical for methyl oleate and linoleate, 
but a substantial difference arises in the third and the last reaction. In the case of methyl 
oleate, an active 10-carbon atom must attack an inactive 11-methylene group, whereas in that 
of methyl linoleate an 11-methylene group strongly activated by a 12-unsaturated group is 
available for attack by an active 10-carbon atom. The rate-determining factor in either case 
is the state of activity of the 1l-methylene group for hydrogen abstraction. The rate of 
autoxidation under comparable conditions for methyl] linoleate has been found to be 12 times 
that for methyl oleate (Gunstone and Hilditch, J., 1945, 836). 

A hypothesis based on the chain carriers H= and HOO= is considered by Bolland (loc. cit.) 
to be satisfactory from the kinetic standpoint but untenable from a structural point of view. 
A chemical theory based on these radicals and on an active oxygen molecule O[O is, however, 
given in the present paper. This, besides accounting for the autoxidation as catalysed by a 
hydroperoxide, also explains the formation of the catalyst during the induction period of the 
autoxidation. 

The activity of hydrogen atoms, i.e., the ease with which an active hydrogen atom is removed 
from a methylene or a tertiary carbon group, probably decides the positions taken up by the 
hydroperoxyl group and by the double bonds. These positions are shown in Fig. 4 and Table I 
for methyl oleate and linoleate. When autoxidation proceeds by combined activity as shown 





TABLE I. 
Changes in structural positions during autoxidation at below 60°. 
Double bond(s) : Active Type of Type of 
¢ A » hydrogen activity initial Double bonds: 
Methyl Origi- At- Activ- abstrac- (Fig. attack -OOH ——~———\ 
ester. No. nal. tacked. ating. tion. 3). (Fig. 4). group. New. Total. Remarks. 
Oleate 1 9 9 — 8 3 te} 10 8 8 = equal 
2 9 9 —_ 11 3 (a 9 10 10 amounts 
Linoleate 1 9:12 9 12 1 3 (b) 9 10 10:12 {i eava 
2 9:12 12 9 ll 3 (b) 13 ee he ee 
Linoleate 1 9:11 9 ll 13 3 (c) 9 10:12 10:12 ’ 
after 2 9:11 9 8 3 () 12 8:10 8:10 [Conjugated 
con- 3 10:12 10 12 14 3 (c) 10 11:18 11:18 f | oe 
jugation 4 10:12 12 10 9 3 (c) 13 9:11 9:11 - 
1:2-Ad- 5 9:11 9 ll 10 1 (d) 10 9:11 9:11 
dition 6 9:11 11 9 ll 1 (d) ll 9:11 9:11 o-e" 
7 10:12 10 12 ll 1 (d) 11 10:12 10:12 f 2 cae 
8 10:12 12 10 12 1 (d) 12 10:12 10:12 
1:4Ad- 9 9:11 9:12 10 9 1 (e) 9 9:11 9:11 , 
dition 10 9:11 9:12 10 12 1 (e) 12 9:11 9:11 we roe 
(ring 11 10:12 10:13 11 10 1 (e) 10 10:12 10:12 f ™ “ty 
form) 12 10:12 10:13 11 13 1 (e 13 10:12 10:12) *™moun 














[1948] and the Decomposition of the Oxidation Products. 2283 


in Fig. 3 (3), the primary attack occurs at the double bond and the hydroperoxyl group becomes 
attached at one of the double-bond carbon atoms. The double bond itself is displaced one 


Fic. 7. 
Initial ways of decomposing a hydroperoxide; Type A. 


Type A: Reaction by addition of an —O= atom at 60°. 
AI. An =O atom with a double bond. 


a H-X,*-HC——CH:X,,CO,Me 
Si 
O E -ester 
Co.) we 
AN — + 
VY 
H H-X,°CH(OH)-CH:CH’X,°CO,Me 
i a-Unsaturated hydroxy-ester 
H-X,°CH-CH:CH-X,°CO,Me 
AII. An —=O= atom with two double bonds. 
X,"CO,Me 
7CO,Me i 
—_ H-X,°H —H 7 
H-X,-HC[_{CH H-X, 7? 
LA <Y/X H-X,*HC—H 
oO x H-CH:°CH:X,°CO,Me 
K OWANY X,°CO,Me 
H-X,H H H 5-Ring dimeric ether 
—> + 
; 7°CO,Me H-X,°CH(OH)-CH:CH-X,°CO,Me 
a-Unsaturated hydroxy-ester 
A TIT. An —O= atom with an active methylene group. 
eee 
a 
“on H-X,-CH (OH)-CH.CH-X,CO,Me 
Larry ? H-X,°CH:CH:-CH(OH):X,"CO,Me 
H Tsomeric a-unsaturated hydroxy-esters 


H-X,°CH:CH’CH:X,°CO,Me 
(a), (6), or (c) hydroperoxide 
H-X,"H¢-CH=CH:X,°CO,Me 
H-X,°CH(OH)-CH:CH:X,"CO,Me 


WW a-Unsaturated hydroxy-ester 
0” Non , naeeced 
KNY H-X,°CH:CH-C(OH):CH-X,"CO,Me 
é or (keto-enol) 
— H-X,°CH:CH-CO-CH,’X,"CO,Me 
H°X,°CH:CH’C:CH-X,°CO,Me a-Unsaturated keto-ester 


(@) or (e) hydroperoxide 
A IV. An —O= atom with an active tertiary carbon group. 


(keto-enol) 
H ok H-X,°CH(OH)-C | CH’CH:CH’X,"CO,Me 
\ 
H-X,°CH H-X,°CO,Me \ ras H-X,°CH(OH)-CO-CH,°CH:CH:-X,°CO,Me 
—> =H -_> a-Ketol or enediol 
- Woe unsaturated ester 


ee 


place away from its original position, and hydrogen abstraction takes place from one of the 
a-methylene groups. Combined activity, Fig. 3 (3), thus produces methylene hydroperoxides 
as shown in Fig. 4 (a), (b), and (c). A modified form of a-methylene activity [Fig. 3 (1)]— 
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tertiary-carbon activity—on the other hand, gives by Reaction II, Fig. 1, tertiary-carbon 
hydroperoxides as shown in Fig. 4 (d) and (e). 

Methyl oleate gives isomeric «-unsaturated methylene hydroperoxides. Methyl linoleates 
all give conjugated diunsaturated hydroperoxides. The methylene hydroperoxides from 9; 12- 
and from conjugated 9: 11- or 10: 12-linoleates are of identical type [Fig. 4 (6) and 4 (c)]. The 
tertiary-carbon hydroperoxides, however, are produced only from the conjugated linoleates 
and are of two types depending on whether the original linoleates react in the 1: 2- or the 
1: 4-phase. The positions which may be occupied by double bonds and hydroperoxyl groups 
are somewhat restricted. In contrast, if the oleic and linoleic systems are first activated with 


Fic. 8. 
Initial ways of decomposing a hydroperoxide: Type B. 
Type B: Reaction by fission of an O—O bond at 170°. 
BI. An O—O bond with an active methylene group. 


H-XyCHCHECHX,COMe | H-XyCH(OH)-CH:CH-X,COgMe H=CH-X,:CO,Me 
ae Isomeric iain wees id — —> HO+ 
Hof H-X,°CO,Me —a * Los : 

une —* HeX,CHICH-CH(OH)-XyCOMe —-H'Cy'CO-CH:CH-Xy-CO,Me 


a-Unsaturated keto-ester 
Or alternatively giving water and a dimeric ether . 


BII. An O—O bond with adjacent C—C bond. Fission of the molecule. 


H'X,HC===CH:CH’X,°CO,Me H*X,CH HCO [CH’X,°CO,Me —> H:X,°CHO 
\ . V4 \ Aldehyde 

a! Cou .! La — > CHO-CH,°X,°CO,Me 
(keto-enol) Aldoic ester 


B III. An O—O bond with a double bond. 
oo H’X,°CH’CH:CH:X,°CO,Me on: ae 


\ 
—OH —> —)> 
Le (d) or (e) b fon id 

or (e iy droperoxide 
eer P= me cnge “eee H-X,°CH:CH-CO-CH(OH)-X,°CO,Me- 
a), ’ = A So 
hydroperoxide dimeric ether a-Keto-hydroxy- or enediol 


BIV. An O—O bond with an aldehyde from B II. 
H:X,°CH’CH:CH-X,°CO,Me > H-X,°CH(OH)*CH:CH’X,°CO,Me 
a-Unsaturated hydroxy-ester 
i. 


HS co-xX pH _ H-X,CO,H 
Lower fatty acid. 


Or alternatively giving water and a dimeric ester. 


the formation of free radicals as suggested by Farmer, mesomeric equilibrium conditions would 
immediately lead to the production of isomers (cf. the alkali isomerisation of linoleates and 
linolenates at 180° and 160, respectively). 

The extent of activation by these mechanisms is probably a function of the temperature. 
At temperatures below 60° certain arrangements of double bonds in relation to the hydroperoxyl 
group as shown in Fig. 4 and Table I appear to be fairly stable. At 50° autoxidation proceeds 
at a steady rate in the presence of oxygen, with the production of hydroperoxides. 

Apart from the thermal decomposition of a hydroperoxide into free radicals, Fig. 6 (1) 
(cf. Bolland, Joc. cit.), hydroperoxides may also decompose by being themselves reduced in the 
ways indicated below. The reaction proceeds only slowly at 50° but rapidly at higher 
temperatures and may occur at even lower temperatures, particularly with esters containing 
more than one double bond (cf. Bergstrom and Holman, Nature, 1948, 161, 55). Hilditch and 

















[1948] and the Decomposition of the Oxidation Products. . 2285 


Gunstone (loc. cit.) have investigated autoxidations at temperatures up to 120°, and it is evident 
that formation and decomposition of hydroperoxide are proceeding simultaneously. 

The initial decomposition of hydroperoxides (Fig. 2) can be accounted for in two ways, 
Type Aand Type B. These reactions, as shown in Figs. 7 and 8 respectively, may take place 
additively at double bonds, with loss of iodine value [Fig. 3 (2)], or by hydrogen abstraction at 
active methylene or tertiary-carbon groups [Fig. 3 (1)], or by fission of an adjacent C-C bond. 
Decomposition reactions, Type A, occur at temperatures up to 60°. Hydroperoxides are assumed 


Fic. 9. 
Secondary and miscellaneous reactions : Type C. 


CI. Inter-esterification between a hydroxy-compound and a methy]! ester at 240°. 


H-X,°CH’CH:CH:X,°CO,Me H-X,°CH-CH:CH:X,°CO,Me 
=H —_— + MeOH 
> 
H-X,°CH:CH: x,cor & =—OMe H-X,°CH:CH’X,°CO 
Dimeric ester 
CII. Conjugated unsaturation by bond rearrangement in pina with an active hydrogen 
atom at 240°. 
H H X,°CH:CH-CH:CH’X,°CO,Me 
a jugated diene ester 
H-X,°H KL H-X,°CO,Me —_> + 
H-X,°CH:CH:X,°CO,H 
bug Oleic acid 
H-X,°CH:CH-X,°CO- H 
C III. A carbonyl group condensed with a methylene group in the presence of alkali at or below 80°. 
meres = CO,Na’X,°CO’-CH=CH ee 
Hen H HX =H H-X 
oY "ld \ 
* ra + H,O 
H-X,°CH=CH: H-X,"CH=CH OH H-X,°CH>=CH 
CO,Me*X, CO,Na’X, CO,Na’X, 
a-Unsaturated keto-esters Dimeric conjugated tetraene 


CIV. Reduction of a hydroperoxide with sodium sulphite at 40°. 


H-X,°CH-CH:CH-X,°CO,Me + Na,SO, — > H*X,°CH(OH)-CH:CH’X,°CO,Me + Na,SO, 
- a-Unsaturated hydroxy-ester 


C V. Hydrolytic fission of an a-unsaturated alcohol with alkali at 190°. 
rae (+ H,O) 


, CH,(OH)-X,-CO,H 
aS < > on. *X,°CO,Me cei” Sahiatial Hydroxy-acid 
Xo “~~ = — H-X,-CO-CH, 
WX Cael (oto-enoll) Methyl octyl ketone 
H 


to contain quadrivalent oxygen (Paquot, Joc. cit.) and their decomposition proceeds through 
an =O= atom by Reaction III, Fig. 1. Type A (Fig. 7) resembles the oxidation of conjugated 
double bonds by perphthalic acid or perbenzoic acid, which proceeds in dilute solution at low 
temperatures (40°) (Karrer and Jucker, Helv. Chim. Acta, 1945, 28, 427). 

Type B occurs at temperatures above 100°, and decomposition proceeds normally through 
- the rupture of an -O—O- group by Reaction III, Fig. 1, and the intermediate formation of an 
active hydroxyl radical; —OH, Fig. 2. At 170°, and in the absence of oxygen, this type of 
reaction (Fig. 8) is very rapid and all the hydroperoxide soon disappears. 

At higher temperatures up to 240° the slow mn reactions (Type C) shown in Fig. 9 
take place during distillation by Reaction III, Fig. 1. A number of miscellaneous reactions 
are also included in Type C. 
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An attempt has been made to apply the above decomposition reactions to the hydroperoxides 
of methy] oleate and linoleate in the presence of an excess of methyl oleate without considering 
possible structural isomerism. The results of this extensive inquiry are summarised in the 
following discussion. 

Recent work on the autoxidation of methyl oleate and linoleate shows that the initial products 
are respectively mixtures of a-unsaturated hydroperoxides and of «ay-di-unsaturated 
hydroperoxides, but the actual numerical location of these groups is not so certain. The 
separation of the mixed hydroperoxides is no easy matter, but concentration as far as 90% 
hydroperoxide in the case of methyl oleate has been achieved by molecular distillation (Farmer 
and Sutton, Joc. cit.), and also by crystallisation at —80° (Swift, Dollear, and O’Connor, Oil and 
Soap, 1946, 28, 255). Bergstrom (loc. cit.), in the case of methyl linoleate, has concentrated 
the autoxidation products by a process of fractional adsorption and desorption. Further 
structural delineation of the oxidised molecules has been attempted by these and other workers, 
but no clear evidence has been adduced regarding the structures of these hydroperoxides. 
Bergstrom has some evidence that, for methyl linoleate, the hydroperoxide groups are in the 
9- or the 13-position and this evidence fits in with the present theory. On the other hand, 
Swift, Dollear, and O’Connor, in the case of methyl oleate, claim positions 8 and 11 for the 
hydroperoxide groups, contrary to the present theory. 


TaBLe II. 
Aldehydic and acidic fission of hydroperoxides according to B II and B IV (Fig. 8) at 170°. 
Fission products: (i) Dicarboxylic part. 
Theoretical wt. (%) from hydro- 








st ai peroxides. 
Hydro- de- ¢ . ead 
peroxide No. hyde Total fission 
methyl (Table Chain Ester ooracid Double  Alde- products (i) + (ii). 
ester. I). length. group. group. bond. hyde. Acid. Aldehyde. Acid. 
position 
Oleate : 9 1 9 _ 56-7 =: 308 _ — 
Linoleate 1 9 1 9 ~- 28-5 15-5 —- -= 
2 12 1 12 9 34-7 18-6 = - 
Linoleate, total 63-2 4-1 
Linoleate 1 9 1 9 “= 14-3 78 _ — 
after 2 il 1 ll 8 16-3 _ &7 (below) 
con- 3 10 1 10 os 15-3 8-3 == a 
jugation 4 12 1 12 9 17-4 9-2 —_ — 
Linoleate after conjugation, total 63-3 0 
Fission products: (ii) Monocarboxylic part. 
oats 2. 9 1 433 9 24-1 
2 — -= ° 100-0 54-9 
Linoleate 1 9 —- 1 3 21-5 12-0 50-0 27-5 
2 6 — 1 == 15-3 8-9 50-0 27-5 
Linoleate, total 36-8 20-9 100-0 55-0 
Linoleate 1 ~, = o 1 3 10-7 6-0 25-0 13-8 
after 2 7 —- 1 — 8-7 5-0 25-0 13-7 
con- 3 8 = 1 3 9-7 5-5 25-0 13-8 
jugation 4 6 — 1 — 7-6 4-5 25-0 13-7 
Linoleate after conjugation, total 6-7 21-0 100-0 55-0 


Since the decomposition products (Type B II *) more volatile than the original esters, and 
arising from fission of the molecule, indicate the positions initially occupied by the hydroperoxy] 
groups, a summary of the possibilities is given in Table II (cf. Swift, Dollear, Brown, and 


* Type BII refers to Decomposition Reaction Type B II, Fig. 8. 
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O’Connor, J. Amer. Oil Chem. Soc., 1948, 25, 39). The molecule breaks into two parts at the 
site of a double bond before it is hydroperoxidised. One part of the broken molecule is an 
aldehyde and the other an aldoic ester. Methyl oleate thus gives C,-aldehyde and 9-aldoic 
methyl ester. Methyl linoleate may divide at either the 9- or the 12-double bond; the second 
double bond then appears as a f-unsaturated aldehyde or acid. The fission products for 
conjugated methyl linoleate are of the same general nature but show more variation in chain 
length. The mode of formation of volatile unsaturated acids at an advanced stage in the 
autoxidation of methyl linoleate (Hilditch and Gunstone, Joc. cit.) is thereby explained 
(Type B IV). 

Similarly, the hydrolytic fission (Hargreaves and Owen, J., 1947, 750, 753, 756), of the 
a-unsaturated hydroxy-compounds produced by the reduction of the hydroperoxides (Types 
A, BI, BIV, C V) may have some structural significance, for the oxygen of the hydroxyl group 
then appears in an acetyl group. The above scission products of roughly half the original 
molecular weight should be easy to separate and identify. 

Farmer contends that there is no loss of unsaturation on autoxidation, as the absorption of 
oxygen is proportional to the degree of peroxidation; both Hilditch and Paquot, on the other 
hand, record a fall in iodine value roughly proportional to the extent of peroxidation. A fall of 
iodine value (4°5 units) is shown in Table III for 6:1% wt. peroxidation at 60° and a further fall 
(1°8 units) on distillation. The iodine value is not necessarily a correct index of the extent of 
unsaturation, for a discrepancy between them is well known with conjugated compounds. As 
these are almost absent in the present case at the beginning of an autoxidation, it would appear 
that the fall in iodine value represents a genuine loss of unsaturation. These apparently conflict- 
ing results, probably due to different experimental conditions, can, however, be reconciled on the 
assumption that hydroperoxidation occurs initially without loss of unsaturation, and that hydro- 
peroxides decompose more or less slowly with loss of iodine value and of unsaturation (cf. 
Bergstrom and Holman, Joc. cit.). Hilditch’s data support this view very strongly, for towards 
the end of the absorption of oxygen, the extent of the hydroperoxidation, as shown by Lea figures, 
rises to a maximum and then falls equally sharply. There is apparently a change in the nature 
of the oxidation at about 70°; as this temperature is reached, the rate of decomposition of the 
hydroperoxide accelerates with increase of temperature, the rate being doubled for a 10° rise. 
The loss of iodine value has been frequently attributed to the formation of a stable peroxide of 
the cyclic ether type, particularly at high temperatures. Two possibilities, one due to Franke and 
Monch (Annalen, 1944, 556, 1, 200) and the other due to Paquot (/oc. cit.), involving quadrivalent 
oxygen, are illustrated in Fig. 3 (2). Both forms retain the peroxidic character and should still 
react with hydriodic acid, possibly at a slower rate, giving dihydroxystearic acid or a derivative 
thereof. The loss of unsaturation by the formation of dihydroxystearic compounds (Type A I, 
BIII) may be balanced by the production of additional unsaturation, particularly at high 
temperatures, in the form of conjugated diene esters (Type C II; cf. pyrolysis of polyricinoleic 
acid to conjugated linoleic acid). 

The most likely way in which the additive character of the double bond, with loss of 
unsaturation, is brought into play at low temperature is through Type A reactions (Fig. 7). 
Type B reactions (Fig. 8) are not, however, entirely ruled out. The mass-action effect of the 
presence of a large amount of methyl oleate should not be neglected. 

Theoretically, the stable decomposition products may be placed in the following order of 
probability : (1) The most frequent product is an a-unsaturated hydroxy-compound (Types 
A, BI, BIV) or its ethers (Type B ITI) or esters (Types B IV, C I), which retains all the additive 
and a-methylene activities of a double bond. (2) Dihydroxystearate or its ethers (Type B III) 
including epoxy-groups (Types AI, BIII), or esters (Types CI, CII) which, in contrast, are 
completely devoid of unsaturation but function entirely as a$-dihydroxy-compounds. (3) 
Finally, a carbonyl group may be formed in which there is residual unsaturation between the 
carbon and oxygen atoms. 

For any complete explanation of autoxidation, the oxygen distribution at the different stages 
in the process (¢.g., autoxidation, thermal decomposition, and saponification) is important in 
determining the course of reaction. Oxygen may be combined in any of the following ways : 
carboxyl (*CO,Me, *COO*, and *CO,H), hydroxy (OH), epoxy and ether (*O*), carbonyl (*CO*), 
af-dihydroxyl (*CH(OH)*CH(OH):] and enediol [*C(OH):C(OH)*]. 

No satisfactory explanation is available to account for the production of a dark brown colour 
on saponification of autoxidised products. It is unlikely that an a-unsaturated hydroxy- 
compound [see (1) above] or dihydroxystearate compounds (2) give coloured products on 
saponification; but carbonyl derivatives (3), particularly «-unsaturated keto-compounds, 
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could be responsible for discoloration by auto-condensation (Type C III). The present investig- 
ation on heated autoxidation products indicates that a considerable degree of the darkening 
is due to aldehydes produced by fission (Type BII); but the darkening of the distillation 


Fic. 10. 
High-vacuum still with 10-litre boiling flask and efficient reflux column. 
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residue suggests the presence therein of other ketonic substances unstable to alkali. Bergstrom 
(loc. cit.) has identified a yellow product, probably an ay-diunsaturated ketone, from methyl 
linoleate, and he attributes this to the dehydrative action of alumina on the initial hydroperoxide. 
A similar change may have taken place in the present experiments, as water was always obtained 
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in the early stages of distillation (Type BI internally; cf. Robertson and Waters, Trans. 
Faraday Soc., 1946, 42,201; Waters, Faraday Society Discussion 1947, ‘‘ The Labile Molecule ’’). 
The systematic theoretical treatment of these reactions given earlier indicates that a most 
probable source of keto-compounds lies in the activation of a tertiary carbon atom [Fig. 4 (d) and 
(e); Treibs, Ber., 1944, 77, 69] which is most likely to arise in a conjugated system. The 
product of such an activation, a tertiary-carbon hydroperoxide, immediately gives, on reduction, 
a keto-group by keto-enolic change (Types A, BI, BIV, CIV) and in some circumstances an 
a-keto-hydroxy-compound (Types A III internally, BIII internally). The linoleic methylene 
hydroperoxide [Fig. 4 (b) and (c)], by reacting with an active tertiary carbon group, can give 
an a-ketol or enediol (A IV internally). Morrell et al. (Trans. Faraday Soc., 1942, 38, 862) prove 
the presence, in autoxidising conjugated compounds, of pseudo-acidic «-keto-hydroxy-compounds 
which form dark yellowish-brown solutions on saponification : 
H-X,°CH:CH-CH(OH)-CO-X,-CO,Me ==> ee ee 
a-Ketol. nediol. 
==> H-X,°CH:CH-CO-CH(OH)-X,-CO,Me 
a-Ketol. 

Dimeric products are no doubt contained in the distillation residues, but whether they are 
of the ether (Type BIII), the ether ring (Type AII), or the ester (Types BIV, CI) types, 
requires further investigation. 

EXPERIMENTAL. 

The above hypothesis was developed in order to explain the results obtained in the course of numerous 
autoxidation experiments carried out as briefly described below. Practical observations are recorded 
in Table III for products from the autoxidation and distillation of C,, unsaturated methy] esters. 

For the autoxidations, a current of air was bubbled daily (for 8 hours in diffused daylight) through a 
tall bottle, containing the unsaturated ester, immersed in a water-bath at 55—60°. 

The fractional distillation of the original palm oil methyl esters and of the autoxidised C,, methyl 
esters was carried out in an efficient, high-vacuum, x still (Fig. 10) with a 10-litre boiling flask 
immersed in an electrically-heated (Sunvic-controlled) oil-bath. It had an electrically-heated (resistance- 
controlled) column, 8 cm. in diameter, packed with 3” porcelain Lessing rings surmounted by a 
variable-reflux still-head regulated to a reflux ratio of not less than 10:1 by a glass valve (Gibson, 
J. Soc. Chem. Ind., 1939, 58, 317; Analyst, 1945, 70, 453). 

The original palm oil methyl esters were made by treating a neutralised N’dian palm oil with a solution 


of sodium hydroxide in methanol — to Procter & Gamble Co. and E. W. Eckey (B.P. 567,682). 


This process has been found to be very efficient and economical and to be less drastic than the usual 


preparation of the fatty acids and acid-catalysed esterification. 
The author wishes to thank his colleagues for helpful criticism and suggestions. 


LEVER BroTHERS & UNILEVER LTD., RESEARCH DEPARTMENT, 
PorT SUNLIGHT, CHESHIRE. [Received, February 19th, 1948.) 





462. The Absorption of Antibacterial Substances (2 : 8-Diaminoacridine 
and Methylene-blue) by Cells of Bact. lactis szrogenes. 


By A. R. Peacocke and Sir Cyrit HINSHELWooD. 


The amount of the antibacterial substance 2 : 8-diaminoacridine (proflavine) taken up from 
solution by cells of Bact. lactis aerogenes gives when plotted against concentration an ‘‘ absorption 
isotherm ”’ of sigmoid shape. 

Cells trained to be resistant to the drug absorb rather more than untrained cells. Thus 
adaptation seems not to involve any decrease in the permeability of the cell. A similar 
conclusion is derived from measurements of the absorption of methylene-blue, with which the 
isotherm approximates more to the Langmuir type. 

A change of pH from 6-16 to 6-96 has little effect on the absorption of proflavine, 
although the inhibitory action of the drug varies greatly over this range. 

Of the constituents of the normal growth medium, ammonium sulphate has no effect on the 
absorption of proflavine, but glucose causes a marked decrease. Consistently with this, 
increased glucose concentration antagonises the inhibitory effect of proflavine. Washed cells of 
different ages absorb approximately equal amounts of proflavine. In the actual growth 
medium, however, dividing cells absorb less of the drug as growth proceeds, this decrease being 
principally due to the very considerable fall in pH. 

The absorption of proflavine is approximately constant throughout the lag phase of the cells, 
showing no sudden decrease when division sets in. 

The relationship between the lag caused by the drug and the amount absorbed is discussed, 
and an explanation of certain previous observations is advanced. 

From the various competitive effects certain characteristics of the cell surfaces or interfaces 
which absorb glucose, hydrogen ions and proflaviné cations may be inferred. 
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(1) Introduction.—Previous investigations made in this laboratory on the action of anti-bacterial 
agents upon Bact. lactis erogenes have been partly concerned with the relationships between the 
concentration in the nutrient medium and the nature and extent of the inhibitory action. 
The drugs, however, cannot exert their effect until they have either entered the cell or been 
adsorbed on its wall. The magnitude of their effect should therefore be more directly related to 
the amount taken up by the cell than to the concentration in the medium. 

For proflavine, methylene-blue, and other drugs, functions, ¢(m), of the concentration, m, of 
the antibacterials have been defined to represent the relationships between m and the decrease in 
activity of certain inhibited enzymes (Pryce, Davies, and Hinshelwood, Trans. Faraday Soc., 
1945, 41, 163, 465, 778; Pryce and Hinshelwood, ibid., in the press). One theory regards 
training as the quantitative expansion of certain enzymes and provides a basis for the calculation, 
the function ¢ being determined by comparison with experiment. It would be of interest to 
discover how ¢ and related quantities depend on the amount of drug actually taken up by the 
cell, since this might provide more direct information about the nature of drug action. 

Determinations of the amount of drug absorbed by a given mass of cell material could also 
throw light on another aspect of the adaptive process, namely, the possibility of modifications in 
the organism whereby the trained cells take up less of the antibacterial than the untrained 
strain. York, Murgatroyd, and Hawking (Ann. Trop. Med. Parasit., 1931, 25, 351; see also 
Hawking, J. Pharm. Exp. Ther., 1937, 59, 123) found that strains of trypanosomes trained to 
withstand the inhibitory action of various arsenical compounds, absorbed little or none of these 
substances. This behaviour was in marked contrast to that of normal trypanosomes which 
absorbed all the available drug from solutions of similar concentration. 

Another characteristic of the action of acridine drugs about which determinations of 
absorption could provide useful information is the dependence of activity upon pH. McCalla 
(J. Bact., 1940, 40, 23; 1941, 41, 775) has described experiments on the competitive absorption 
of hydrogen ions, metallic cations, and the cations of basic drugs (such as methylene-blue and 
crystal-violet) by washed suspensions of Bact. coli, B. bellus, and Corynebacterium simplex. The 
results of his work which concern us here are: (i) cationic drugs, such as methylene-blue, 
replaced the hydrogen ions absorbed by cells previously washed with dilute acid, and (ii) the 
number of gram-equivalents of hydrogen ions and drug cations (e.g., crystal-violet) absorbed by 
a given mass of cellular material showed an inverse relationship over the pH range studied 
(Stain Technology, 1941, 16, 95). 

(2) Scope of the Experiments.—The complete absorption isotherm of cells untrained to 
proflavine was determined and found to be of a sigmoid shape, the uptake per cell reaching a 
limit above concentrations of 250 mg./l. The isotherm for methylene-blue, however, was found 
to be of the usual Langmuir or Freundlich type, and this suggested that the precise shape of the 
curve was conditioned rather by the properties of the drug employed than by the special relation 
of drug and cell. As regards their drug action, methylene-blue and proflavine are known to act 
on the same or related systems within the cell, and this idea proved to be consistent with the 
similarity in the relationship between the lag and the amount of drug absorbed, in the two cases. 

The absorption isotherms of cells previously trained to proflavine were of the same sigmoid 
shape, but the absorptions were, on the average, about 20% greater than with untrained cells. 
The relationship between the lag of trained cells and the amount of drug absorbed was 
determined, and the shape of the isotherm was found to explain certain previous observations on 
the behaviour of cells trained to high concentrations of proflavine. 

Over the pH range 6°16—6°96 the absorption of proflavine was found to be constant. The 
results merit discussion in the light of the known wide variation of inhibitory effect of proflavine 
with pH in this range. 

Over a period of 6 hours near the end of growth, there is little change in the amount of 
profiavine absorbed by each cell from buffered saline. With growing cells in the nutrient 
medium there is a decrease in absorption from the start of growth to the end of the logarithmic 
phase. This decrease is principally due to the very considerable fall in pH. 

Ammonium sulphate has little effect on the absorption of proflavine by resting cells, but 
glucose causes a marked decrease. Consistently with this, increased glucose concentration is 
found to antagonise the effect of proflavine on lag. 

From the various competitive effects certain characteristics of the cell surfaces or interfaces 
which absorb glucose, hydrogen ions and proflavine cations may be inferred. 

The absorption of proflavine was found to be approximately constant throughout the lag 
phase. There was no sudden decrease when division started. 

(3) Experimental Method.—The solutions from which the drug was absorbed by resting cells 
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varied in different experiments, but the basic technique was as follows (variations from this will 
be described in the appropriate sections). About 21. of a culture of Bact. lactis erogenes growing 
at 40° in an aerated synthetic medium of glucose, ammonium sulphate, phosphate buffer, and 
magnesium sulphate were centrifuged for 15 minutes at 6000 r.p.m.; the population then 
corresponded to about 600 million cells/ml. The filtrate was discarded, and the cells washed 
with saline (9 g./l.) and centrifuged again. The process was repeated twice more, after which the 
cells were suspended in a small volume of saline (or phosphate). This suspension was aerated 
for about 30 minutes to break up any adhering masses of cells, and its volume was then adjusted 
until it had a count of 1—3 x 10° cells per ml. 

10 Ml. portions of the suspension were then transferred to 6-in. x 1-in. test tubes containing 
solutions composed of : 

10 Ml. of a 9 g./1. solution of potassium dihydrogen phosphate to which 4n-sodium hydroxide 
had been added to bring its pH to the desired value (or 10 ml. of saline, having dissolved in it the 
substance the effect of which was to be studied). 

x Mi. of a 1000 or 2000 mg. /1. solution of proflavine sulphate, x varying from 0°1 to 5 ml. 

(5 — x) M1. of Saline. 

The test tubes were then placed in a thermostat at 40°, in order to reproduce the conditions 
obtaining in growth experiments, and gently aerated to keep the mixture stirred until 
equilibrium had been reached (see below). The solutions were next centrifuged for 20 minutes 
and the supernatant liquid carefully removed by means of a pipette. The concentration of 
proflavine in these solutions was determined by measurement of their light absorption with a 
Spekker photoelectric absorptiometer (cobalt-glass filter) previously calibrated against solutions 
of known concentration. From the results and from a knowledge of the original proflavine 
concentration the amount taken up by the cells could be calculated. 

The number of cells per ml. of the suspension was determined by the counting under the 
microscope of a suitably diluted sample in a Thoma hemocytometer. Number per ml = 
1:25 x 10% x mg, where ng = hemocytometer reading. 

' The Spekker instrument was also used as a nephelometer to measure the turbidity of the 
suspensions. It was first calibrated with samples of a culture at different stages of its growth 
and of determined hemocytometer count (this varied over the range 20—1000 million/ml.). A 
series of pieces of brass, in which holes of rectangular cross-section had been cut, were used as 
standard screens. The calibration curves could then be used to determine counts of other 
suspensions. Since the method gives primarily the quantity of light-scattering bacterial 
substance in a given volume, the “‘ count ” so determined, mg, will only be in direct proportion to 
mq for suspensions in which the cells are of constant size. The quantity ng/n, should be a 
measure of the bacterial mass per single cell. 

Final results were normally expressed by dividing the decrease in drug concentration 
(mg./l.) in a given solution by mg or m, and multiplying the respective quotients by 1000. This 
gave two quantities A, and Ay. A, proved the most satisfactory quantity to employ, the chief 
reason for this being the observed steady decrease with time of mg for a given suspension. 

(4) Absorption of Drugs by Untrained Cells.—(a) Proflavine. It was first necessary to find 
the length of time taken for the proflavine to be fully absorbed. Experiments were therefore 
made in which, at varying intervals after the addition of the bacterial suspension to a series of 
constant drug-saline—buffer solutions, successive tubes were centrifuged and the residual 
concentration of proflavine determined. It was found that in more than 10 and in less than 30 
minutes this concentration had reached its minimum value, thereafter remaining constant. 

This preliminary experiment shows that a time of contact of 90—120 minutes is fully 
adequate for equilibrium to be established and was the interval employed. 

The complete,absorption isotherm of cells untrained to the drug was then determined a 
considerable number of times. Typical results are shown in Fig. 1 where A, is plotted 
against the concentration of proflavine in the supernatant liquid. The curves are seen to be of a 
sigmoid type, the absorption reaching a limiting value at concentrations of about 200—250 mg./I. 
The point of inflection occurs at about 65—85 mg./l. An average variation in the position of 
the isotherms of +10 units of A, (as measured at the upper end of the curves) was observed. 
The curves obtained by plotting A, against drug concentration showed laregr differences, the 
reason for which will be discussed later. 

Despite the variation in the limiting values of Ay, the general shape, the proflavine 
concentration at which the inflection occurred and the concentration at which the limit was 
approached did not vary to any marked extent. To illustrate this graphically, and also to 
obtain an average isotherm, the following procedure was adopted. A table was made of the 
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limiting values of A, in the seven experiments with normal cells and the average value, p, was 
calculated. The individual limiting values in the various experiments being ¢,, 72, - - Yn - -» the 
experimental values of A, at each point on any isotherm were then multiplied by the appropriate 
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factor ~/q,, whereby all the curves are scaled to come to the same (average) limiting value. The 
reduced curves were substantially similar, and a mean value is plotted in Fig. 2 (m = 0). 

According to Figs. 1 and 2, the absorption isotherm is concave upwards over the range of 
concentration of 0—70 mg./l. As this part is of special interest, a more detailed study of it was 
made, the experiments providing the data for the study of the relationship between lag and A, 
(see Discussion). 
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The chief characteristic of the isotherm is the sigmoid shape with its point of inflection at 
about 65—85 mg./l. Fig. 1 shows that the curve is described by the following equation 


cm4 
En ti + = 
where S and ¢ are constants. 

The sigmoid shape might arise from the individual properties of proflavine itself or it might 
be characteristic of all cationic dye absorption by the cells. Reasons are given in the next 
section for preferring the former view. The shape could then be due to: (i) A Langmuir 
adsorption of some associated form of proflavine present in small proportions and the 
concentration of which is proportional to a power of the total drug concentration greater than 
unity. It is not easy on this view to see how a large polymeric form of the drug could be more 
easily absorbed than the smaller monomer molecules. (ii) A co-operative effect, the presence of 
adsorbed molecules on given sites facilitating the adsorption of similar molecules on neighbouring 
sites (see Brunauer, ‘“‘ Physical Adsorption’, Oxford, 1943; Hinshelwood, ‘‘ The Chemical 
Kinetics of the Bacterial Cell’’, p. 6). Since many dye molecules, including aminoacridines, 
are known to have strong intermolecular attractive forces, an explanation of the sigmoid 
isotherm in terms of a co-operative effect seems a quite likely one. 
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(b) Methylene-blue. The absorption of methylene-blue from buffered saline by Bact. lactis 
@rogenes at 40° was determined by the method used with proflavine (except that a yellow filter 
was employed in the Spekker instrument). The absorption isotherm (Fig. 3) approximates 
rather more closely than with proflavine to the usual Langmuir type, in spite of the fact that 
methylene-blue can be highly polymerised in aqueous solution (Rabinowitch and Epstein, 
J. Amer. Chem. Soc., 1941, 68, 69). The limiting absorption is approached when the 
concentration exceeds about 200 mg./l. (Fig. 3). 

The difference between the results for proflavine and methylene-blue suggests that the curves 
are specifically determined by the nature of the dyes themselves rather than by an inherent 
property of the mechanism by which the cell takes them up. Once taken up the two dyes are 
known to act in similar ways (Pryce, Davies, and Hinshelwood, Trans. Faraday Soc., 1945, 41, 
465). 

a Absorption of Drugs by Trained Cells.—(a) Proflavine. An investigation similar to the 
above was carried out with cells trained to concentrations, m, of proflavine of 157, 312, and 
1540 mg./l., respectively. The isotherms were of exactly the same shape as those for the 
untrained cells, but the values of Ay were somewhat higher. Some averaged results are plotted 
in Fig. 2. These curves show that in this example resistance to the action of proflavine is not 
due to a decrease in the permeability of the trained cells, since in actual fact they absorb rather 
more of the drug after training than before (cf. the results of Hawking, J. Pharm. Exp. Ther., 
1937, 59, 123; Fischl, Kotbra, and Singer, Z. Hyg. Infectionskrankh., 1934, 116, 69; Stearn, 
J. Bact., 1927, 14, 349; Deere, ibid., 1939, 87, 473). 
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(b) Methylene-blue. The absorption isotherm of methylene-blue was determined for cells 
trained to 150 mg./1. of the drug [Fig. 3, curve (c)]. It is seen to approximate closely, within the 
experimental error, to the average absorption isotherm of the untrained cells [curve (b)]. In the 
case of methylene-blue, it is therefore also clear that adaptation to the drug does not involve any 
obvious decrease in permeability. 

(6) Influence of pH on the Absorption of Proflavine.—For the investigation of the effect of 
changed pH on the take-up of proflavine it was first necessary to determine whether the light 
absorption of the latter would be at all influenced by the altered conditions. According to the 
results of Albert and others (Brit. J. Exp. Path., 1945, 26, 160) it should not, since, over a wide 
range of pH, the drug is completely in the form of univalent cations. 

A series of phosphate buffers was made, and to equal volumes of each of these were added 
equal volumes of a solution of proflavine sulphate. The concentration of proflavine in each 
solution was then measured by means of the Spekker instrument and the previously determined 
calibration curve. Over the pH range 5°5 to at least 7°6 the expected value was found. But in 
more acid buffers the instrument indicated too great a concentration. The reason for this is 
uncertain. From the practical point of view, however, it follows that the calibration curve may 
be used over the pH range 5:5 to 7°6. 

Absorption isotherms were then determined for various standard suspensions of untrained 
cells in a series of solutions only differing from those employed in the experiments of the previous 
section in the pH of the buffers. An attempt was made to cover the pH range 3 to 7°6, but this 
was rendered difficult (i) because at the lower end the buffers lack the capacity to deal with the 
acid arising from the hydrolysis of proflavine sulphate, and (ii) by the uncertainty in the 
proflavine determination already mentioned. 

Over the range 6°16—6°96 the pH proved to have very little effect on the absorption of the 
drug. Indeed, only one sigmoid curve could be drawn through all the experimental points 
obtained in this range. At pH 4°78, 5-49, and 5°77 the limiting values of A, were found to be 
lower than those obtained in the higher range. The main results are summarised in Table I. 


TABLE I. 
Influence of pH on the limiting value of Ay. 
pH. Lt. Ax. pH. Lt. Ag. pH. Lt. Ag. pH Lt. Ax 
4-78 44 6-16 110 6-47 110 6-77 100 
5-49 68 6-20 100 6-48 90 6-96 110 
5-77 80 6-32 110 6-54 100 6-97 106 
6-04 100 6-39 100 6-69 110 — — 


Stearn and Stearn in a series of papers (e.g., Protoplasma, 1931, 12, 435, 580) have 
measured the “‘ iso-electric zones” of various organisms. This zone is the pH range within 
which the absorption of acidic (anionic) and basic (cationic) dyes is of the same order. Above it 
only cationic dyes are absorbed to any extent, and below it only anionic dyes. Gram-positive 
organisms were found to have iso-electric zones around pH 2°0, and Gram-negative organisms, of 
which Bact. lactis @rogenes is an example, around pH 5:0. The value given for Bact. lactis 
@rogenes is 5°2. At pH’s about one unit greater than the iso-electric point, a limiting value of 
the absorption of cationic dyes is attained (see Stearn and Stearn, J. Bact., 1924, 9, 
463; Dubos, ‘“‘ The Bacterial Cell”, 1945, Harvard, Chap. III). The results of the present 
investigation are seen to be in accord with these studies. Over the pH range 6°16 to 6°96, where 
its total absorption by the cell has been seen to change very little, there is a 2°5-fold variation in 
the lag caused by the proflavine (Peacocke and Hinshelwood, this vol., p. 1235). This 
suggests that the centres where proflavine cations cause lag and where also they are in 
competition with hydrogen ions are only a small fraction of the total which are capable of 
absorbing proflavine, under the conditions of resting-cell experiments. 

(7) Effect of Medium Constituents on the Absorption of Proflavine.—(a) Ammonium sulphate. 
Cells were suspended in the phosphate buffer (pH 7°12) and 10 ml. of this suspension were then 
added to the absorption solutions containing, besides the usual x ml. of proflavine solution and 
(5 — x) ml. of saline, 10 ml. of a 5 g./l. solution of ammonium sulphate in saline. The final 
difference from the previous procedure is thus that the absorption solutions contain ammonium 
sulphate. The same cell suspension was also added to a similar series of solutions containing no 
ammonium sulphate. 

The two absorption isotherms (Fig. 4) obtained were identical. Ammonium sulphate thus 
has no effect on the absorption of proflavine by the cells. 
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(b) Glucose. <A similar series of experiments was carried out with glucose (20 and 40 g./1.) 
in place of ammonium sulphate. The absorption of proflavine was consistently less in the 
presence of glucose. Fig. 5 shows a typical pair of curves. The two concentrations of glucose, 
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Effect of glucose on absorption of proflavine by resting cells in phosphate—saline : 


Open circles, without glucose. 
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one double the other, only gave a 10% difference in effect, which is about the variation observed 
with the same strain of cells under apparently identical conditions. 


(c) Complete growth medium. Since the concentrations of proflavine employed in these 
absorption experiments are mostly very much higher than that needed (54 mg./1.) completely to 
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inhibit the growth of untrained bacteria in the normal growth medium, it was possible 
to determine the isotherm in a complete medium without multiplication of the cells. The 
absorption was lower than that in saline-phosphate by approximately the amount to be 
expected from the glucose present. 

(8) Influence of Glucose on the Lag induced by Proflavine.—In the light of (b) and (c) of the 
last section it was thought to be of some interest to investigate whether or not differences in the 
concentration of glucose can cause corresponding changes in the lag due to the drug. 

The lag was therefore determined as a function of proflavine concentration in two series of 
experiments carried out in the usual way, except that the media contained two different 
concentrations of glucose, namely 3°85 g./l. and the usual amount, 38°5 g./l. The 
higher concentration of glucose was found to reduce the lag over the whole range of proflavine 
concentrations (Table II). 


TaBLeE II. 
Influence of glucose on the lag induced by profiavine. 
Concn. of proflavine (mg. /l.)............ 0 10 20 30 40 45 50 55 
Lag in presence of 3-85 g./l. of glucose 
minus lag in 38-5 g./l. (mins.) ...... 0 0 40 250 800 1040 1380 co 


(9) Variation of Proflavine Absorption with the Age of the Cells —(a) Absorption by centrifuged 
and washed cells of varying age. Preliminary experiments indicated that there was an appreciable 
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difference between the amount of proflavine absorbed by cells centrifuged immediately the 
parent culture had ceased to divide, and those obtained by centrifuging 24 hours later. It was 
therefore thought worth while to study this effect further. The procedure was as follows : 

2500 M1. of complete medium (I) were inoculated with untrained, normal cells, and when the 
count of the growing culture had reached 3—7 x 10® per ml. the cells were centrifuged and 
washed. The absorption isotherm was then determined. This stage in the growth of the parent 
is about 1 hour before division ceases (the point at which the lag of an inoculum from it into a 
fresh medium would be minimal). 

The whole process was repeated when the culture reached the minimum lag stage (time 
denoted by ML), and also at (ML + 1), (ML + 2), and (ML + 5) hours. Another quantity 
(II) of complete medium was similarly inoculated, and this was centrifuged and tested at ages 
of (ML + 10), (ML + 20), (ML + 44), and (ML + 140) hours. 

With culture (I), Fig. 6 shows that the limiting value of A, does not vary to any great extent 
from (ML — 1) to (ML + 5) hours, any differences being within the experimental error. The 
limiting value of A, over this range, however, decreases steadily. Thus the amount of proflavine 
absorbed by each cell does not alter over the period (ML — 1) to (ML + 5), whereas that 
absorbed per unit bacterial mass decreases. This implies that the mass per cell increases from 
(ML — 1) to (ML + 5). This is shown in the figure by the trend in the ratio ,/n_ which is 
approximately proportional to the mass of each cell. Later on it is shown to decrease since the 
cells in old cultures are smaller than the average. 
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With culture II, Table III shows that from (ML + 10) to (ML + 140) the limiting values of 
both Ay and of A, decrease steadily. This is not unexpected since at great ages general 
degeneration of the cell substance must occur. 


TABLE III. 
Variation of proflavine absorption with age (washed cells). 
Age at time of centrifuging : (ML + 10). (ML + 20). (ML + 44). (ML + 140) hrs. 
Ri. LA prthindonedeasndabeupeeteneainanisonnae 190 165 135 110 
Pts ME schdicneesebintisnsteatmnciorprennendbies 171 139 120 77 
ng/ny Covccccccccccccccescccccccceccccecoeeos 0-88 0-73 0-84 0-69 


(Since Ay and A, are calculated by dividing the same concentration decrease by the appropriate 
values of ny or mg, Ay/Ag is equal to ng/ng.) 

In these experiments the absorption by washed cells of varying age, free from their growth 
medium, is measured. Thus any effects that substances such as medium constituents, metabolic 
products, or acids from fermentation might have on the absorption have been eliminated. The 
constancy of the amount of drug absorbed per cell over an age range of 6 hours about 
the minimum lag stage (Culture I) is therefore of special interest. It shows that any variation in 
the absorption of proflavine in an actual culture between the ages of (ML — 1) to (ML + 5) 
hours must be due to the presence of diffusible substances in the medium and not to changes in 
the structures responsible for the absorption. 

The variation of Ag with age (Culture I) explains the variation often observed in the 
A,-isotherms of cells, centrifuged approximately at the minimum lag stage, and is a further 
reason for plotting A,-isotherms. 

(b) Absorption by dividing cells at various ages. It seemed of interest next to find a method 
of determining the absorption of cells during actual growth. The chief difficulty in this is to 
ensure that the cells do not multiply further during the centrifuging. At first this was done by 
adding formaldehyde to the absorption solution immediately before separation. Control tests, 
however, showed that the whole principle of the experiment was invalid, the apparent absorption 
of resting cells in saline—phosphate being greatly increased by the presence of formaldehyde, 
possibly as a result of chemical reaction between the proflavine and the formaldehyde. 

Growth of the cells can, however, be stopped by the proflavine itself, since concentrations of 
60 mg./l. are sufficient to do this and up to 400 mg./l. are used in the absorption experiments. 
In deciding the technique of the experiment it is important to know the time taken for 
equilibrium to be established. With resting cells this is 10 to 30 minutes [Section 4 (a)]. 
Experiments of S. Jackson (unpublished) show that for growing cells there is also an interval of 
about 20—25 minutes between addition of proflavine solution and cessation of growth which is, 
moreover, quite sharp. The procedure was, therefore, as follows : Two portions of 24 ml. each 
were taken from 1 1. of the growing culture, and 1 ml. of an 8000 mg./l. solution of proflavine 
sulphate was then added toeach. They were aerated at 40° and, after not less than 25 minutes, 
to ensure that division had ceased, a sample was taken and the solution then centrifuged in the 
ordinary way. 

A sample taken when the drug was first added gave a point on the growth curve of the 
culture and thus its age. A second sample gave the count (mg) in the absorption solutions 
immediately before centrifuging. 

From these and other determinations plots of the following against the age of the culture 
were obtained : (i) Cell count, (ii) Ag, (iii) As, (iv) pH of the medium. These curves are shown 
in Fig. 7. It is seen that, at first, the values of A, and A, are considerably higher than with the 
resting cells in phosphate-saline, but that the values of both decrease rapidly as growth proceeds 
and reach a minimum shortly after it stops. The decrease runs parallel with the drop in the pH 
of the supernatant liquid which is quite sufficient to account for it, as may be judged 
by continuing Table I below the pH value of 4°78. 

This change in absorption as growth proceeds throws light on a phenomenon previously 
observed in the laboratory (Davies, Hinshelwood, and Pryce, Trans. Faraday Soc., 1944, 40, 397). 
If cells untrained to proflavine are grown in its presence and removed after one or two divisions, 
they are found to have acquired almost complete resistance to the proflavine in a subsequent 
test made under the same conditions. This resistance is, however, unstable in the sense that 
one or two subcultures in the drug-free medium completely remove it again. If the cells, instead 
of being taken out after only one or two divisions, are allowed to complete their growth cycle in 
the presence of the proflavine, the degree of resistance acquired is very much less. This now 
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finds an explanation in terms of the result just described. As growth proceeds the uptake of 
proflavine per cell diminishes rapidly, and, since at this stage the acquired resistance is unstable, 
a reversion from the initial training takes place. 

(10) Absorption during the Lag Phase.—Since it has been shown that the absorption of 
proflavine decreases rapidly during division, it is interesting to discover if there is any variation 
in absorption during the lag phase and, more important, if it shows any sudden change once cell 
division begins. 

The method used was as follows. 500 M1. of a culture of untrained cells at the minimum lag 
stage were centrifuged, washed thrice with saline, and then suspended in it. A calculated 
volume of this suspension was then added to 500 ml. of complete growth medium containing 
proflavine at a known concentration of about 30—40 mg./l., so as to give an initial count of 
about 250 million/ml. The culture was maintained at 40° and aerated. Under these conditions 
the cells had a lag of about 350 minutes. At intervals, 25 ml. samples were examined. This 
procedure was continued until after 1—2 divisions had been completed. 
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Absorption by dividing cells in actual growth medium : 
Curve I, Growth curve (age—log ng). Curve II, Age-pH. 
Curve III, Age-Ag. Curve IV, Age—Ag. 

(Note different scales.) 


One set of results is given in Table IV. The proflavine concentration had to be low, or 
division would not have occurred, and the percentage error in the results is therefore high. 
Moreover, the count has to be small (about 1/5 normal) in order that one or two divisions may be 
observed before growth ceases. This further increases the percentage error since it causes the 
concentration decreases to be very small. 

Despite this it its clear from Table IV that the absorption of proflavine does not begin to 
decrease immediately division commences. In fact it occurs some 350 minutes later, by which 
time one division is almost complete. This shows that the onset of division is not accompanied 
by any sudden transference of absorbed drug from the cell to the medium. 


TABLE IV. 
Variation of profiavine absorption in the lag phase. 
Age, mins. ”/m. Ayg/16-0. Age, mins. /m. Ayq/16-0. 

45 1-00 0-87 475 1-22 1-00 
148 1-07 0-81 725 1-54 1-15 
210 100 1-23 750 1-92 0-45 (Ag begins to decrease) 
270 1-03 0-85 780 2-13 0-86 
398 1-06 1-17 (Onset of division) 81l 2-20 0-56 


1-25 x 10* x m = Count of the culture at each age. 
1-25 x 10* x m_ = Initial count of the culture (m, = 259). 
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(11) Discussion. (a) Action of proflavine upon untrained cells. It is now possible to examine 
more closely the relationship between the increment in lag (AL) due to the presence of proflavine 
and the amount taken up by the cell (Aq). 

The value of A, for the untrained strain at various concentrations of the drug in the medium 
is known from the detailed investigations over the range 0—70 mg./l, [Section 4 (a)]. The 
lag—concentration relation for this strain of cells was determined. The values of AL were then 
plotted against the corresponding values of Ay [Fig. 8, curve (a)]. A weakness of this 
comparison lies in the fact that A, was determined in buffered saline whereas AL was naturally 
determined in the presence of full growth medium. Experiment has shown, however, that with 
the latter only the scale and not the shape (i.e., sigmoid character, point of inflexion, and the 
concentration at which Ay approaches its limit) is altered relative to that obtained with buffered 
saline. 

Thus the general form of the relationships between lag and the absorption of drug should be 
‘revealed by the comparison. 
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(a) Black circles, proflavine. 
(b) Open circles, methylene-blue. 


The AL—Ay, relationship for the untrained cells in proflavine is seen to be almost linear over a 
considerable range. Eventually, however, the lag rises steeply to infinity, as can be seen from 
Fig. 9. AL reaches infinity when the bulk concentration is 54 mg./l., and up to this point the 
absorption isotherm is convex towards the m axis. Its curvature is less than that of the 
lag—concentration curve, and it is for this reason that the AL—A, curve is convex towards the 
Ag axis. 

For proflavine, the ¢(m)-m relationship is ¢(m) = fm (Davies, Hinshelwood, and Pryce, 
Trans. Faraday Soc., 1945, 41, 163, 465, 778) where f is a constant. The relationship between 
$(m) and A, will therefore be expressed by a curve of sigmoid shape like the isotherm, since ¢(m) 
is simply a multiple of m. The value of ¢(m) increases steeply as Ag approaches its limiting 
value of 116 units. 

(b) Action of proflavine upon trained strains. Fora strain trained to 157 mg./1. (Fig. 3) a plot 
was made of AL against Ay in the same way as before. The AL-m data were then calculated 
from the following equation which is known to give the correct values for the strain of Bact. lactis 
@rogenes used in this laboratory (Davies, Hinshelwood, and Pryce, Trans: Faraday Soc., 1945, 


41, 163). 
' a peso Gm + 64 
ar = 10+ {A — + oa} 


with m = 157 mg./l. 
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The resulting curve, together with that for m = 0, is plotted on Fig. 9. It should be noted 
that there is a large range of tolerance to the drug, up to 120 A, units, and that with quantities 
of drug in the cell greater than this the lag rises steeply to infinity. The AL—A, curves are 
limited on one side by the line A, = 146, which is the maximum amount of drug which any cells 
(trained or untrained) can absorb. As m increases above 157, the curves obtained must lie 
between that for m = 157 and this limiting line. The experimental evidence shows that with 
strains trained to concentrations greater than 250 mg./l., the lag—concentration curve at first 
increases steeply in the normal way until at a certain stage it turns over and becomes horizontal 
(Davies, Hinshelwood, and Pryce, Trans. Faraday Soc., 1945, 41, 778, Fig. 2). This means that 
the AL—A, curves eventually intersect the line Ay = 146 at a value of the lag which is a limit 
for that strain, since no more drug can be absorbed (cf. dotted line in Fig. 9). Further training 
of such a strain simply causes a progressive decrease in the lag towards zero for all concentrations, 
e.g., the strain m = 2100, in Fig. 1 of the paper quoted. 


Fie. 9. 
Relation of drug absorption and lag for normal and profiavine-trained cells. 
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The lag-concentration curves begin to become parallel to the m axis when growth is occurring 
in concentrations of about 250 mg./l. or more, and it is significant that this is precisely the region 
where A, reaches its limit. Fig. 10 illustrates this behaviour. 

Previous work has shown that Bact. lactis erogenes, when sub-cultured in a concentration, m, 
of proflavine, acquires immunity to the action of the drug at all concentrations up to a value 
which just exceeds m itself. The additivity relationships of the type m, = m + constant, where 
m, is the concentration of proflavine required to produce a lag of s minutes in a strain trained to 
m, begin to break down when m is greater than about 200 mg./l. (Davies, Hinshelwood, and 
Pryce, Trans. Faraday Soc., 1945, 41, 778). A strain trained at a low value of m will not grow 
at all at (m + 54), whereas for m = 450 the strain will grow in up to 1540 mg./l. (though with 
increased lag). Further training at m = 1540 confers practically complete immunity to 

_ 3000 mg./1., the highest concentration which it is practicable to use. This can now be explained 
by the fact that there is a limit to the amount of drug the cell can take up. Training to the 
lowest concentration (270 mg./l.) at which this maximum is attained gives immunity to much 
higher concentrations, since these correspond to the same amount of drug absorbed. 

(c) Action of methylene-blue on untrained cells. From the relationship that, for methylene- 
blue, AL = 30m (Pryce, Davies, and Hinshelwood, Trans. Faraday Soc., 1945, 41, 465) and the 
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data of the methylene-blue isotherm, the AL—A, curve was plotted [Fig. 8, curve (b)]. In spite 
of the differences in the isotherms and the lag—concentration relationships of the two substances, 
this curve is seen to be of the same general type as that for proflavine. This is interesting since 
on other grounds, e.g., the phenomenon of cross-training, the similarity of the mode of action of 
the two drugs was already known. The differences in their lag—-concentration curves are now 
seen to be due to the superposition of two different absorption isotherms upon two similar 
AL-Ay relationships. The differences in the former may well depend upon differing 
polymerisation tendencies and different relationships between the spatial configuration of 
absorbing sites and the structure of the dye. 

(d) Nature of the centres which take up glucose, profiavine, and hydrogen ions. The 
competitive phenomena shown by any two of the above species lead to some interesting 
conclusions. The experimental evidence is as follows. 

Proflavine cations and hydrogen ions. These both have positive charges and are probably 
taken up by negative centres in the cell. At pH below 6 (Table I) the total absorption of 


Fic. 10. 
Relation between lag, concentration, and drug-absorption for trained strains. 
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proflavine cations decreases, so that both evidently compete for the same negative sites. From 
PH 6 to pH 7, however, the total absorption of drug alters little, so that the bulk of the absorbing 
centres evidently take up the drug in another way in this pH range. A small fraction specially 
involved in the growth process must, however, continue to absorb hydrogen ions in competition 
with drug cations, since the lag due to proflavine is still strongly affected by the pH in the 
direction which this implies (Peacocke and Hinshelwood, this vol., p. 1235; see Section 6). 
Proflavine cations and glucose. Although these are of a different charge type, the presence of 
glucose decreases considerably the absorption of proflavine from saline—phosphate [Section 7 (b)]. 
The glucose must compete with the drug on sites which absorb the large, uncharged rings of the 
proflavine cations, the proflavine being evidently also absorbed at points other than the charged 
Natom.* It seems likely, therefore, that the bulk of the proflavine cations are absorbed on a 
surface consisting of neutral and negatively charged sites in juxtaposition. A change in glucose 
concentration from 3°85 to 38°5 g./l. affects the lag due to proflavine more than it affects the 


* The possibility must not be ignored mart the glycolysis which may occur in presence of the glucose 
provides energy for some unknown were dering the uptake of proflavine by the cell. But if this 


were so one would have expected a definite decrease in absorption when active division sets in. This is 
not observed (Section 10). 
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absorption of the latter. This again suggests that a small fraction only of the total absorbed 
proflavine is concerned in the inhibition of growth. This fraction apparently is absorbed on 
sites more sensitive than the bulk to competition by glucose molecules. 

Glucose and hydrogen ions. Over the range 5 to 7°5 (Peacocke and Hinshelwood, Joc. cit.) the 
lag in a constant glucose medium is independent of the pH. This indicates that there is no 
direct competition between the two species. 
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On the basis of the above evidence a schematic picture of the absorbing surface may be 
formed and is shown in Fig. 11. The hydrogen being small will be taken up freely in the 
interstices left by glucose or proflavine. It can prevent the absorption of the latter on certain 
negative key sites. Glucose and proflavine having large molecules can seriously impede the 
absorption of one another. Thus sites near the molecule A are still available for hydrogen ions 
while corresponding ones would not be available for glucose on account of the size of the 
latter. 


PHyYsICAL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. [Received, March 4th, 1948.] 





463. The Elbs Persulphate Oxidation of Phenols, and its Adaptation 
to the Preparation of Monoalkyl Ethers of Quinols. 


By Witson Baker and N. C. Brown. 


iments have been carried out in order to determine the most favourable conditions 
under which alkaline solutions of persulphates attack phenols with free p-positions to give 
quinols, or p-substituted phenols to give catechols (Elbs persulphate oxidation). In the former 
cases it has now been shown that the free phenolic group in the intermediate p-hydroxyphenyl 
poteeiom sulphates (I) can be alkylated, and the sulphate group subsequently removed by acid 
ydrolysis, thus providing a route to the synthesis of quinol monoalkyl ethers of known 
orientation. , A reaction mechanism is put forward involving the participation of the sulphate 
ion radical O-SO,°. 


Tue oxidation of monohydric phenols to dihydric phenols by potassium persulphate in alkaline 
solution was discovered by Elbs (J. pr. Chem., 1893, 48, 179). If the p-position to the phenolic 
group is free, then quinol derivatives are produced, but if the p-position is occupied a derivative 
of catechol is formed, though usually in much smaller yield. Patents taken out in 1894 
(Chemische Fabrik auf Aktien—vorm. E. Schering, D.R.-PP., 81,068, 81,297, 81,298. See 
Friedlander, ‘‘ Fortschritte der Teerfarbenfabrikation ”, 18941897, 4, pp. 126, 127, and 121 
respectively) showed that the reaction proceeds via the intermediate formation of a hydroxy- 
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phenyl potassium sulphate (I), which is subsequently hydrolysed in acid solution to the quinol 
(II). 


Baker and Brown: 


OH OH OR OR 
a VA a a 

¢ <- 4 —> \ —> | i 
\ H \ -SO,OK -SO,OK Wa 
(II.) (I.) (III.) (IV.) 


This reaction has been erroneously attributed both to Bargellini and to Neubauer and Flatow 
(see later references), but it should be associated solely with the name of its discoverer, and it is 
suggested that in future it should be called the “‘ Elbs persulphate oxidation”. It cannot be 
known as the ‘‘ Elbs reaction ’’, since this designation has already been applied to the preparation 
by the same worker of anthracenes by the cyclisation of 2-methylbenzophenones (see Fieser, in 
Adams’s ‘‘ Organic Reactions’’, 1942) 1, 129). Although the yields are often low, the products 
are usually isolated in a state of purity, owing to the fact that the intermediate hydroxyphenyl 
alkali sulphates are not extracted by ether from alkaline or acidified aqueous solutions, so that 
the other organic products can readily be removed from the reaction mixture. 

The reaction was first studied in the favourable case of o-nitrophenol, which gave nitroquinol 
in 30—40% yield, about half the starting material being recovered. The earliest reactants 
used by Elbs or described in the German patents (locc. cit.) were phenol, o-, m-, and p-cresols, 
p-chloro-, p-bromo-, and p-nitro-phenols, salicylic acid, p-hydroxybenzoic acid, and o-, m-, and 
p-cresotic acids. The following compounds have been successfully oxidised: salicylaldehyde 
(Neubauer and Flatow, Z. physiol. Chem., 1907, 52, 375); 2-hydroxy-4-methoxyacetophenone 
(Bargellini and Aureli, Atti R. Accad. Lincei, 1911, 20, 118); -hydroxyphenylarsinic acid 
(D.R.-P., 271,892, 1914); coumarin (giving 6-hydroxycoumarin) and 7-methoxycoumarin 
(Bargellini and Monti, Gazzetta, 1915, 45, 90); 2-hydroxy-3 : 4-dimethoxyacetophenone 
(Bargellini, ibid., 1916, 46, 249; Baker, J., 1941, 667); 2-hydroxy-3 : 4-dimethoxybenzophenone 
(Bargellini, Joc. cit.); m-hydroxybenzaldehyde (Hodgson and Beard, J., 1927, 2339); 7 : 8-di- 
methoxycoumarin (Bargellini, Joc. cit.; Wessely and Demmer, Ber., 1929, 62, 120); 7-methoxy- 
8-ethoxycoumarin (Wessely and Demmer, Joc. cit.); m-5-xylenol (Bergel, Copping, Jacob, 
Todd, and Work, J., 1938, 1383); 2-hydroxy-3 : 4-dimethoxy- and 2-hydroxy-3 : 4-methylene- 
dioxy-benzoic acid, 2: 3-dimethoxy- and 2: 3-methylenedioxy-phenol, and 2-hydroxy-3: 4- 
methylenedioxyallylbenzene (Baker and Savage, J., 1938, 1602); 2-hydroxy-6-methoxy- 
acetophenone (Baker, J., 1939, 959); 2-hydroxy-6-benzyloxy-, 2 : 6-dihydroxy-, 2-hydroxy-3- 
methoxy-, and 2-hydroxy-5-methoxy-acetophenone, and 2-hydroxy-3-methoxybenzaldehyde 
(Baker, Brown, and Scott, J., 1939, 1922); 8-methoxycoumarin (Mauthner, J. pr. Chem., 1939, 
152, 23); 2-hydroxy-3 : 4: 6-trimethoxyacetophenone (Baker, J., 1941, 669). Of particular 
interest is the application of the reaction by Seshadri and his co-workers to the flavone 
and related series, whereby 5-hydroxyflavones and their derivatives were converted into 
5 : 8-dihydroxy-derivatives; the reactants were 6-hydroxy-3:7-dimethoxy-, 5: 7-dihy- 
droxy-3-methoxy-, 5-hydroxy-3 : 7: 3’ : 4’-tetramethoxy-, 5 : 7-dihydroxy-3 : 3’ : 4’-trimethoxy-, 
5-hydroxy-, 5-hydroxy-3: 7: 4’-trimethoxy-, 5-hydroxy-3 : 7: 3’: 4’ : 5’-pentamethoxy-, and 
5 : 7-dihydroxy-3 : 3’ : 4’ : 5’-tetramethoxy-flavone and chrysin, chrysin 7-monomethyl ether, 
and 4-hydroxy-6-methoxyxanthone (Proc. Indian Acad. Sci., 1947, 25A, 417, 427, 432, 444; 
26A, 288).* 

Generali Reaction Conditions.—A study of the oxidation of a number of simple phenols has 
established the optimum reaction conditions which are described in the experimental section. 
No significant advantage is gained by the use of ammonium in place of potassium persulphate, 
or by addition of ferric chloride as recommended by Bargellini. The yield is sometimes improved 
by carrying out the oxidation in solutions saturated with sodium chloride or sulphate. With 
phenols difficultly soluble in aqueous alkali owing to co-ordination with an adjacent carbonyl 
group, Seshadri recommends addition of pyridine. Where the dihydric phenol is easily soluble 
in water, and is not readily extracted therefrom, it is an advantage to saturate the solution with 
carbon dioxide after the oxidation, extract it with ether (an alternative, which frequently removes 
flocculent material, is to acidify to Congo-red, filter, extract with ether, and make alkaline to 
litmus with sodium hydrogen carbonate), evaporate the aqueous layer to dryness under 
diminished pressure, dissolve out the phenyl potassium sulphate derivative with 90% alcohol, 


* Note added in Proof.—Further examples have been described by Seshadri e# al. in Proc. Indian 
Acad, Sci., 1946, 284, 23, 262; 1948, 274, 37, 85, 91, 209, 217, 375; 1948, 284, 1. 
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distil off the alcohol, and hydrolyse the residue with a small volume of 2n-acid. The hydrolysis 
is conveniently effected under a layer of benzene or ether (see Baker, Brown, and Scott, /oc. cit.). 

The Table in the experimental section gives the yields of several dihydric phenols under the 
standard conditions. In the p-oxidations the yields are increased by the presence of electron- 
attracting groups (this may be due to a general stabilisation of the nucleus), by increasing 
substitution, and by the effect of substituents on the activity of the position para to the hydroxyl 
group. The last point is most clearly seen by comparing the yields from the isomeric pair, 
2-hydroxy-6-methoxyacetophenone (38%) and 2-hydroxy-3-methoxyacetophenone (4%). 
The reaction was not successful with a-naphthol. 

A side reaction observed during two Elbs persulphate oxidations is an oxidative coupling to 
give derivatives of diphenyl (Baker, Brown, and Scott, Joc. cit.); 2-hydroxy-3-methoxy- 
benzaldehyde (o-vanillin) gives 2 : 5-dihydroxy-3-methoxybenzaldehyde and a much smaller 
amount of 4: 4’-dihydroxy-3 : 3’-dimethoxydiphenyl-5 : 5’-dialdehyde, and 2-hydroxy-5- 
methoxyacetophenone gives by an ortho-oxidation a very poor yield of 2: 3-dihydroxy-5- 
methoxyacetophenone and a much larger amount of 2: 2’-dihydroxy-5 : 5’-dimethoxy-3 : 3’- 
diacetyldiphenyl. 

The ortho-oxidation of p-substituted phenols gives catechol derivatives in very poor yield, 
and tarry matter is simultaneously produced. The catechols are best isolated and purified by 
means of their insoluble lead derivatives, which are subsequently decomposed by hydrogen 
sulphide. No significant yield of catechol derivatives could be obtained from p-tert.-butylphenol 
or $-naphthol. 

Preparation of Quinol Monoalkyl Ethers.—The product of interaction of a phenol possessing 
a free p-position and alkaline potassium persulphate is a p-hydroxypheny] potassium sulphate 
(I), and, owing to the stability of these compounds under alkaline conditions, it is possible to 
alkylate (I) to (III), and then to hydrolyse (III) in acid solution to the quinol monoalkyl ether 
(IV), in which the alkyloxy-group occupies the position of the original hydroxyl group. The 
method, therefore, affords a general process by which quinol monoalkyl ethers of known 
orientation can be prepared, and the synthetical possibilities are illustrated by the preparation 
of 5-benzyloxy-m-2-xylenol, and the two isomeric monomethyl ethers of toluquinol and of 
2 : 6-dimethylquinol. o-Cresol was oxidised by alkaline potassium persulphate to the 
intermediate (V), which, after isolation in the crude state, was treated with methyl sulphate 
in alkaline solution to give (VI), and acid hydrolysis then gave 5-hydroxy-2-methoxytoluene 
(VII). Ina similar manner m-cresol gave, via the intermediates (VIII) and (IX), 2-hydroxy-5- 
methoxytoluene (X). By utilising the same series of reactions the two isomeric monomethyl 
ethers of 2: 6-dimethylquinol were also obtained, m-5-xylenol giving 2 : 6-dimethylquinol 
4-methyl ether, and m-2-xylenol giving 2 : 6-dimethylquinol 1-methyl ether. 


OH OMe OMe , 280y0K 
OH 4 VA : GY 
, oe (cH: _» f \CHs —» 7 Cis Ou _, 7 eH 
O ; Yso,ox  so,0K Ou un ‘Wu 
(v.) \ — | (VIL) \ (VIIL.) 
O-CH,Ph cic O-CH,Ph 0-SO,0K 
(\o% > | O™ — O™ ont € (en <— Oy 
\v O,°OK Wite Site 
(XI.) (x1) (xIIT ) (X.) (IX.) 


A further synthetical possibility is the preparation of both isomeric monoalkyl ethers of a 
quinol from the same starting material; this is possible by taking advantage of the fact that a 
benzyloxy-group is much less readily hydrolysed by acids than is the phenyl sulphate group 
(see preparation of 2 : 5-dihydroxy-6-benzyloxyacetophenone, Baker, Brown, and Scott, loc. cit.). 
Thus the intermediate (V) from o-cresol can be benzylated to (XI), hydrolysed with dilute acid 
to (XII), methylated to (XIII), and finally hydrolysed in strongly acid solution to (X). 

Reaction Mechanism.—The initial and final products of the Elbs persulphate oxidation of 
phenols are shown in the following ionic equation : 
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The direct introduction of the group *O*SO,® in place of a hydrogen atom p- or o-, but never 
m-, to the phenolic oxygen atom strongly suggests that the reaction is due to the sulphate ion 


radical 0-SO,9 which, although an anion, is yet cationoid in character. The reaction is 
represented in greater detail in the following scheme (only one of the hydrogen atoms of the 
phenol nucleus is shown) : 


8 


pa 
e >i 5 > | 
.@) 2 Y 
VA 6-S0,e -SO,© SO,° 
iN 11> i J + 
© . 50,00 
H Hi —— > S0,6° + H® + 6-S0,9 


The sulphate ion radical is probably first generated by the interaction of a trace of a metal ion, 
é.g., a ferrous ion, with a persulphate ion : 


The slow rate of the reaction can be correlated with the requirement that the O-SO,° anion 
radical has to attack an anion (or neutral molecule if the attack were on the free phenol molecule 
rather than the phenoxide ion) at a negative centre. 

The oxidative coupling of the phenol nuclei which occasionally occurs may be due to the 


production of hydroxyl radicals by the mechanism 0-SO,° + H,O —> HSO,® + OH. Substi- 


cS) A e 
tuted phenyl radicals may then be formed, O°C,H, + OH——> O’C,H,’ + H,O, which undergo 
dimerisation (see Discussion, ‘“‘ Oxidation’, Trans. Faraday Soc., 1946, 42, 196). 


EXPERIMENTAL. 


General Reaction Conditions.—The phenolic compound (1 mol.) is dissolved in a 10% solution of sodium 
hydroxide (5 mols.) and oxidised by the slow addition during 3—4 hours of a saturated aqueous solution 
of potassium persulphate (1 mol.). Throughout the addition the mixture is continually stirred, and the 
temperature is not allowed to rise above 20°. After standing overnight, the solution is acidified to 
Congo-red, filtered if necessary, and extracted twice with ether. The aqueous layer is treated with 
excess of hydrochloric acid, heated on the water-bath for } hour, cooled, and extracted with ether. The 
extracts are then dried and distilled, yielding the dihydric phenol. 

The following Table shows a few new results *, and others f where the yields were previously 
unrecorded or where an appreciable improvement in yield was made. 

Yield of Yield allowing 
Recovered dihydric for recovered 


Phenol. Product. phenol, %. phenol, %. phenol, %. 

p-Oxidations. 

DRIES vinsecnecesecenenses Quinol 48 18 34 

Salicylaldehyde f ......... 2 : 5-Dihydroxybenzaldehyde 24 25 33 

m-5-Xylenol f ..........+. 2 : 6-Dimethylquinol 30 36 61 

m-2-Xylenol * ............ a 26 30 40 

PAPE? occ csesesscescs 2 : 5-Dimethylquinol 25 42 56 

o-Chlorophenol * ......... Chloroquinol 20 50 62 
o-Oxidations. 

P-Cresol T ....cecececceeeees 3 : 4-Dihydroxytoluene 20 9 ll 

VOM  srccsvessscete ... 3: 4-Dihydroxy-5-methoxy- 48 1-9 3-6 

benzaldehyde 
p-Hydroxybenzoic acid ¢ Protocatechuic acid 71 0-6 2-0 


Some of the yields may be raised by isolation of the intermediate phenyl potassium sulphate derivative 
as previously described, but the process is tedious owing to the evaporation of large volumes of solution. 

5-Benzyloxy-m-2-xylenol (with Dr. R. F. GoLpsTE1n).—4-Hydroxy-2 : 6-dimethylphenyl potassium 
sulphate was prepared from m-5-xylenol, and isolated by extraction with 90% alcohol. This salt 
(25 g.) was boiled and stirred under reflux with 90% alcohol (60 c.c.) and a solution of sodium hydroxide 
(7 g.) in water (50 c.c.), during addition of benzyl chloride (14 g.) (} hour), and then for a further 2 hours. 
The mixture was now made weakly acid to Congo-red by addition of hydrochloric acid, stirred just below 
the boiling point for 2 hours, and cooled inice. The solid 5-benzyloxy-m-2-xylenol (23 g.) crystallises from 
He 71% ¥ light petroleum and has m. p. 97—99° (Found: C, 78-7; H, 6-9. C,,H,,O, requires C, 78-9; 

7 , ‘O/* ‘ 
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5-Hydroxy-2-methoxytoluene (VII).—o-Cresol (21 g.) was converted into the intermediate phenyl 
potassium sulphate (V) (6-5 g. of o-cresol were recovered), which was isolated (27 g.) by two extractions 
with 90% alcohol, and methylated by being shaken in 50% alcohol with a large excess of methyl sulphate 
and concentrated oe sodium hydroxide, the mixture (kept alkaline throughout) being finally heated 
on the water-bath for } hour. The solution was then made strongly acid to Congo-red and heated for 
4 hour, and the oily product was extracted with ether and distilled twice, giving a product, b. p. 242—244° 
(7-3 g.; 27% yield), which solidified, and was then crystallised from benzene-light petroleum; m. p. 46° 
(Bamberger, Annalen, 1912, 390, 175, records m. p. 46—46-5°). 

Preparation of 2-Hydvoxy-5-methoxytoluene (X) from m-Cresol.—(X) was prepared from m-cresol 
(21 g.). m-Cresol (6-5 g.) was recovered, and (X) isolated after two distillations, b. p. 240—243° (9-2 g. ; 
34% yield), and final crystallisation from water. It had m. p. 71° (Bamberger, Joc. cit., p. 174, records 
m. p. 70-5—71-5°). 

S-Siedvenp Ademetenttens (XII) (With Mr. F. Giockiinc).—The crude phenyl potassium 
sulphate derivative (V) was prepared from o-cresol, and a — (20 g.) was benzylated as in the 
preparation of 5-benzyloxy-m-2-xylenol, using 90% alcohol (60 c.c.), sodium hydroxide (6 g.) in 
water (50 c.c.), and benzyl chloride (15 g.). After hydrolysis of the sulphate group. the product (XII) 
was extracted with ether, transferred to aqueous sodium hydroxide, reprecipitated, and again isolated 
_ with ether, leaving a dark, partly crystalline solid which was used directly for the preparation of (XIII). 
Pure 5-hydroxy-2-benzyloxytoluene (XII) was prepared by shaking the solution of the crude material in 
chloroform with alumina, and crystallising from light petroleum (b. p. 80—100°) (charcoal); colourless 
needles, m. p. 69—70° (Found: C, 78-2; H, 6-4. C,,H,,O, requires C, 78-5; H, 6-5%). 

2-Benzyloxy-5-methoxytoluene (XIII) (With Mr. F. GLocKLING).—(a) The crude phenol (XII) (5-8 g.) 
was methylated with a large excess of methyl sulphate and 50% aqueous sodium hydroxide in acetone, 
giving finally crude (XIII) (4-1 g.) which was directly hydrolysed to (X) (below). (6) A pure specimen 
of 2-benzyloxy-5-methoxytoluene (XIII) was prepared from pure 2-hydroxy-5-methoxytoluene (X) by 
benzylation, giving a colourless oil, which distilled at 135—138°/0-5 mm., and solidified in solid carbon 
dioxide—acetone (Found: C, 79-3; H, 7:3. C,sH,,.O, requires C, 79-0; H, 7-1%). 

2-Hydroxy-5-methoxytoluene (X) from (XIII).—The crude compound (XIII) [(a) above] (4-1 g.) was 
heated with acetic acid (30 c.c.) and concentrated hydrochloric acid (15 c.c.) at 60—70° for 2 hours, 
poured into water (25 c.c.), and extracted with ether. The ethereal extract was shaken with aqueous 
sodium hydroxide, the aqueous layer acidified, and the product isolated by means of ether and crystallised 
twice from light petroleum (b. p. 60—80°) (charcoal), giving 2-hydroxy-5-methoxytoluene (X) (0-77 g.), 
m. p. and mixed m. ee 

5-Methoxy-m-2-xylenol from m-5-Xylenol.—The phenyl potassium sulphate intermediate prepared 
from m-5-xylenol was methylated and hydrolysed as in the preparation of (VII). The neutralised 
reaction mixture was steam-distilled, yielding 5-methoxy-m-2-xylenol, m. p. 77° (Bamberger, Ber., 
1903, 36, 2040 records m. p. 77—77-5°). 

2-Methoxy-m-5-xylenol from m-2-Xylenol.—This compound was prepared as the preceding isomeride. 
It separates from water in needles, m. p. 83° (Found: C, 71:2; H, 7-9. C,H,,0, requires C, 71-1; H, 
79%). 


The authors are indebted to Dr. C. E. H. Bawn and Mr. G. E. Coates for valuable discussions on the 
reaction mechanism. Their thanks are due to Imperial Chemical Industries Ltd. for permission to 
record the preparation of 5-benzyloxy-m-2-xylenol, which was made in their laboratories at Blackley, 
and for gifts of. specimens of the three isomeric xylenols. 


THE UNIVERSITY, BRISTOL. 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, March 4th, 1948.] 





464. Further Studies on the Sydnones. 


By Ronatp A. Eape and J. CAMPBELL EARL. 


Weakly alkaline salts decompose N-phenylsydnone giving products different from those 
obtained with sodium hydroxide. C-Bromo-N-phenylsydnone on alkaline decomposition 
gives principally aniline, sodium nitrite, and sodium oxalate. The optical activity of (—)-N- 
nitroso-a-anilinophenylacetic acid disappears during its conversion into CN-diphenylsydnone. 
Several new sydnones have been prepared. 


N-PHENYLSYDNONE (I) (Earl and Mackney, J., 1935, 899; Eade and Earl, /., 1946, 591; Earl, 
Nature, 1946, 158, 909) is completely soluble in boiling water and can be recrystallised from it 
without decomposition. In the presence of some salts, however, rapid decomposition occurs with 
evolution of carbon dioxide and deposition of tarry products (Nature, 1946, 158, 909). Among 
the salts which bring about this decomposition are sodium carbonate, acetate, and oxalate, 
potassium chromate, and lead acetate. Other salts such as sodium chloride, sulphate, iodate, and 
thiosulphate have no apparent effect. The obvious conclusion is that salts of weak acids which 
undergo slight hydrolysis in aqueous solution are those which are effective. In other words, a 
slight increase in pH causes decomposition of N-phenylsydnone in boiling aqueous solution. The 
decomposition reaction is self-inhibiting. After the first vigorous reaction, evolution of gas 
7K 





2308 Eade and Earl: Further Studies on the Sydnones. 


soon ceases and if the resinous product is removed by filtration most of the N-phenylsydnone is 
recovered unchanged. This is easily understandable if acid by-products are formed. By 
boiling solutions of N-phenylsydnone in mixtures of n/20-sodium oxalate and n/20-sodium 
hydrogen oxalate it has been determined that the critical pH above which decomposition occurs 
is about 5°0. Under mildly alkaline conditions, therefore, N-phenylsydnone gives a product 
which is readily decarboxylated and forms resins, while under more strongly alkaline conditions 
N-nitrosophenylglycine is formed almost quantitatively (J., 1935, 899). N-Phenyl-C-methyl- 
sydnone is much more stable in aqueous solution and decomposition under the influence of added 
salts was not observed. Most of the other sydnones hitherto described are too little soluble in 
water for this type of decomposition to occur. 

The bromination of N-phenylsydnone was recorded by Kenner and Mackay (Nature, 1946, 
158, 909). C-Bromo-N-phenylsydnone is a white crystalline substance, m. p. 134°, becoming 
red on prolonged exposure to light. It is easily decomposed by hot aqueous alkalis, giving a 
strong odour of phenyl isocyanide. A roughly quantitative experiment with boiling 5% 
sodium hydroxide solution showed the principal products to be aniline (90% of theory), sodium 
nitrite (60%), and sodium oxalate (45%). Once the aniline had been steam-distilled from the 
reaction mixture, the latter did not give a red colour on being acidified and added to alkaline 
8-naphthol, so that sodium benzenediazoate is not a decomposition product as stated by Kenner 
and Mackay. The sodium oxalate probably results from the oxidation of sodium glyoxylate, first 
formed. 

CN-Diphenylsydnone has been prepared by a modification of the usual procedure from both 
racemic and optically active N-nitroso-«-anilinophenylacetic acids. The products were identical 
and inactive showing that the asymmetry of the carbon responsible for the activity disappears 
during sydnone formation. 

Other sydnones which have been prepared in addition to those previously described are 
the N-benzyl-, N-cyclohexyl-, N-m-bromophenyl-, N-p-bromophenyl-, N-o-carboxyphenyl-, 
N-p-carboxyphenyl-, C-phenyl-N-methyl-, and C-chloro-N-pheny] derivatives, 

The molecular structure of the sydnones has been the subject of comments by Baker and 
Ollis (Nature, 1946, 158, 703) and Kenner and Mackay (ibid., p. 909). 

It is pointed out that the difficulty in formulating them can be overcome by assuming a 
single dipolar structure or a hybrid of two or more dipolar structures. The determination of the 
dipole moments of several members of the series gave a range of values from 6°09 to 6°92 pb. 
(Earl, Leake, and Le Févre, Nature, 1947, 160, 366). It is improbable that any single dipolar 
structure would have a dipole moment as low as this, but the existence of mesomerism would be 
quite consistent with values of the observed magnitude and range. 

The formation of the sydnones has some counterpart in other dehydration reactions involving 
the carbonyl instead of the nitroso-group. Erlenmeyer and Friistiick (Amnalen, 1895, 284, 47) 
observed such a reaction with a mixture of glycine, benzaldehyde, sodium acetate, and acetic 
anhydride. The compound formed was eventually assigned the structure (II) (Erlenmeyer, 


Nc udl fo rl fo" 
re) VV \ 
(I.)* (II.) (III.) 


ibid., 1904, 387, 265). Benzoylalanine and other similar compounds were dehydrated to give a 
series of anhydrides designated lactimones (III) (Mohr and Stroschein, Ber., 1909, 42, 252; 
J. pr. Chem., 1910, 81, 478). In none of these cases, however, is there any difficulty in assigning 
a classical type of structure. 

: EXPERIMENTAL. 


Decomposition of N-Phenylsydnone by Boiling Sodium Acetate Solution.—To a boiling solution of 
N-phenylsydnone (0-200 g.) in water (50 ml.) a 10% solution of crystallised sodium acetate (5 ml.) was 
added, and the gas evolved passed through calcium chloride into a weighed soda-lime tube. The 
increases in weight in two experiments were 0-0100 and 0-0112 g., corresponding to 18 and 20% of the 
amount of carbon dioxide which would be derived from complete decarboxylation. With 10 ml. of 
sodium acetate solution, the weight of carbon dioxide collected was 0-0130 g. or 24%, but with 20 ml. of 
the solution no apparent decomposition occurred during 15 mins.’ boiling. With the more concentrated 
solution the critical pH is presumably not reached under the conditions of the experiment. 

Determination of Critical pH for the Decomposition of N-Phenylsydnone.—Powdered N-phenylsydnone 
(1 g.) was added to boiling n/20-sodium oxalate solution (20 ml.). Decomposition with the evolution of 
gas and deposition of tarry material took place almost immediately. Under similar conditions 


* For the meaning of the wavy line see Earl, Nature, 1946, 158, 909. 
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n/20-sodium hydrogen oxalate caused no decomposition. Experiments with mixtures of the two 
standard solutions gave the following results : 


n/20-NaHC,O,, ml. n/20-Na,C,O,, ml. Decomposition observed. pH of mixed solns. at 15°.* 
2 


18 None 4:87 
1-5 18-5 After 2-5 mins. 4-98 
1 19 After 1-25 mins. 5-17 
0 20 Immediate 7°30 


* Kindly determined by Mr. J. N. Phillips. 


Decomposition of C-Bromo-N-phenylsydnone by Sodium Hydroxide.—C-Bromo-N-phenylsydnone 
(1 g.) was mixed with a solution of sodium hydroxide (5 g.) in water (100 ml.) and distilled until the 
distillate gave no colour with a solution of bleaching — The distillate (50 ml.) was made acid with 
hydrochloric acid and extracted with benzene. After aration, the aqueous layer was cooled and 
diazotised with a concentrated solution of sodium nitrite (0-4 g.) and was then poured into an alkaline 
solution of B-naphthol (0-7 g.). The precipitated benzeneazo-f-naphthol was filtered off, washed, and 
dried in a desiccator at room temperature to constant weight (0-9334 g.; corresponding to 0-346 g. of 
aniline or 90% of the maximum amount obtainable by quantitative decomposition). The residue in the 
distillation flask, after cooling, was filtered from a small dark coloured precipitate and made up to 100 ml. ; 
25 ml. of this solution were made acid with acetic acid and heated nearly to boiling, and excess of calcium 
chloride solution was added. After standing for some time, the precipitate was filtered off through a 
weighed Gooch and dried to constant weight at 100° (0-0686 g.). Calculated as CaC,0,,H,O, this 
corresponds to 45% of that obtainable if the two carbons of the sydnone ring were completely converted 
into oxalic acid. To another 25 ml. of the alkaline solution, aniline (0-2 g.) was added, and the mixture 
made acid with acetic acid. After standing, the precipitated diazoaminobenzene was filtered off, washed 
well, and dried to constant weight at room temperature (0-1266 g.), corresponding to 62% of the amount 
of sodium nitrite theoretically obtainable. 

CN-Diphenylsydnone.—Powdered a-anilinophenylacetic acid (5 g.) was stirred with a mixture of 
100 ml. of glacial acetic acid and 100 ml. of water and cooled to 3—5°. During 10 mins. a solution of 
sodium nitrite (1-75 g.) in water (5 ml.) was added in small portions, and stirring at 3—5° continued for 
90 mins. After removal of a small amount of undissolved material the filtrate was extracted with 
benzene (80 ml. in 4 portions). The benzene solution was dried (Na,SO,), mixed with an equal volume 
of acetic anhydride, and kept for 23 hours. The solution was shaken well with water, then with dilute 
sodium carbonate and again with water. On spontaneous evaporation of the dried benzene solution, 
a dark, partly crystalline product was obtained. After being washed with ligroin and recrystallised once 
from methanol it gave 1-24 g. of pale sandy crystals, m. p. 183—184° (Found : C, 70:2; H, 4:25; N, 11-7. 
C,4H»0,N, requires C, 70-6; H, 4:2; N, 11-8%). 

Conversion of (—)-a-Anilinophenylacetic Acid into Sydnone.—Some (+)-a-anilinophenylacetic acid was 
resolved by the method of Mackenzie and Bate (J., 1915, 107, 1683). By carrying out the conversion 
into sydnone as described above, 1-5 g. of (—)-acid ({a]?®° in alcohol, — 110°) gave 0-64 g. of optically 
inactive sydnone, m. p. 184—185°. In another experiment, 0-233 g. of the (—)-acid was nitrosated in the 
usual way and the rotation of the dried benzene solution observed. It remained constant at — 0-62° 
during 2hours. Some of the benzene solution was then mixed with half its volume of acetic anhydride and 
the change in rotation observed : 


Time, Mins.  .........000. 4 » of 17 36 65 83 1080 
GF stceccneecisenesersiincs —0-52° 0-44° 0-38° 0-31° 0-16° 0-11° 0-0° 


N-Benzylsydnone.—Benzylglycine ethyl ester (98 g.), prepared by the method of Mason and Winder 
(J., 1894, 65, 188), was hydrolysed by boiling with a solution of sodium hydroxide (40 g.) in 
water (250 ml.) for # hour. After extraction with ether and removal of residual ether by boiling, the 
alkaline solution was neutralised to Congo-red with hydrochloric acid and nitrosated at 0° by adding a 
solution of sodium nitrite (34-5 g.) in water (100 ml.) during 4 hour. After a further 2 hours’ stirring 
at 0°, the clear solution was acidified, whereupon the nitroso-compound separated as a colourless viscous 
oil which solidified after keeping in the refrigerator; yield, 58-0 g.; m. p. 128—130° (decomp.). 
Purification was effected by dissolving in 2N-ammonia, filtering, precipitating with acid, and subsequently 
recrystallising from hot water; 40-1 g.; m. p. 140—140-5°, raised by further recrystallisation to 
140-5—141° (Found: C, 55-4; H, 5-2; N, 14:5. C,H,,.O,N, requires C, 55-65; H, 5-2; N, 14-4%). 
The nitroso-compound (19-4 g.) was dissolved in acetic anhydride (90 ml.) and kept at 75—80° for 
6 hours. The mixture was poured into water, and the product filtered off and washed ; 14-7 g. (83%) ; 
m. p. 67—68°. Recrystallisation from aqueous alcohol raised the m. 4 of the sydnone to 68—69° 
(Found : C, 61-5; H, 4-6; N, 16-0. C,H,O,N, requires C, 61-4; H, 4-6; N, 15-9%). 

N-cycloHexylsydnone (with S. KRuGER).—N-cycloHexylglycine hydrochloride (6-3 g.) was dissolved 
in water, and a solution of the calculated quantity of sodium nitrite added at 0—5°. The nitroso- 
compound which separated was recrystallised from hot water; 4-1 g. (55%); m. p. 112—114° (decomp.). 
The pure compound has m. p. 117—118° (decomp.) (Zelinsky and Arzybaschew, Ber., 1907, 40, 3055). 
The nitroso-compound (3-7 g.) was mixed with acetic anhydride and kept in the dark at room temperature 
for 24 hours. Water (100 ml.) was then added, and the mixture shaken for 90 mins. To the clear 
solution ammonia was cautiously added, with cooling, until it was faintly alkaline. A white oil separated 
and soon solidified; 1-75 &: (52%), m. p. 48—51°, raised by repeated recrystallisation from hot water to 
64-5° (Found: N, 16-3. C,H,,0,N, requires N, 16-6%). 

N-m-Bromophenylsydnone.—m-Bromophenylglycine ester was prepared by heating an alcoholic 
solution (25 ml.) of equimolecular proportions (0-2 g.-mol.) of m-bromoaniline, ethyl bromoacetate, and 
crystalline sodium acetate in an oil-bath at 120° under reflux for 4 hours. The crude ester (49-7 g.; 
m. p. 104—108°), precipitated on pouring the reaction mixture into water, was recrystallised from 
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alcohol, 37-5 g., m. p. 118-5—119°, being obtained (Found: C, 46-45; H, 4-7; N, 5-5. C,H,,O,NBr 
requires C, 46-6; H, 4-7; N, 5-4%). Hydrolysis of the ester was carried out in the usual way, affording 
an almost quantitative yield of the glycine, m. p. 102-5—103-5° (Found: C, 41-5; H, 3-5; N, 6-1. 
C,H,O,NBr requires C, 41-7; H, 3-5; N, 61%). Nitrosation of the glycine (25-5 g.) suspended in 
water (100 ml.) at 0—5° with a slight excess of sodium nitrite, followed after 34 hours by acidification, 
gave the crude nitroso-compound [27-0 g., m. p. 116-5—117-5° (decomp.)]. Recrystallisation from 
aqueous alcohol raised the m. p. to 119—120° (decomp.) (Found: C, 36-4; H, 2-7; N, 10-9. 
C,H,O,N,Br requires C, 37-1; H, 2-7; N, 10-8%). The nitroso-compound (13-0 g.) was mixed with 
acetic anhydride (45 ml.) and kept at room temperature for 6 days. Part of the sydnone was filtered off 
directly from the reaction mixture, and part was recovered from the filtrate on mixing with water. A 
combined yield of 9-0 g. (75%), m. p. 151—152° (decomp.), was obtained. Recrystallisation from alcohol 
raised the m. p. to 152—153° (decomp.) (Found: C, 39-4; H, 2-0; N, 11-6. C,H,O,N,Br requires 
C, 39-9; H, 2:1; N, 11-6%). 

N-p-Bromophenylsydnone.—p-Bromophenylglycine has been described by Dennstedt (Ber., 1880, 
18, 238) and by Schwalbe, Schulz, and Jochheim (Ber., 1908, 41, 3795). Our preparation (m. p. 150°) 
was identical with that of the latter authors and differed from Dennstedt’s (m. p. 98°). It was nitrosated 
similarly to the m-bromo-compound, except that the glycine (57-5 g.) was suspended in a mixture of alcohol 
(50 ml.) and water (200 ml.). The yield of crude product was 62-0 g. (95%), m. p. 126° (decomp.). 
Recrystallisation from aqueous alcohol raised the m. p. only slightly (Found : C, 36-8; H, 2-8; N, 10-8. 
C,H,O,N,Br requires C, 37-1; H, 2:7; N, 10-8%). The mitroso-compound (52-0 g.) was dissolved in 
acetic anhydride (180 ml.), the solution being filtered after 1 day and then kept at room temperature for 
13 days. The white crystalline precipitate which had separated was then triturated with dilute alcohol 
and dried in a vacuum; 15-3 g., m. p. 137-5—138-5° (decomp.). A further 17-0 g. of less pure product, 
m. p. 130—132° (decomp.), was recovered by decomposing the acetic anhydride in the mother-liquor. 
On attempting to recrystallise the well-crystallised sydnone of m. p. 137-5—138-5° it decomposed. It 
was, therefore, analysed without further treatment (Found : C, 39-7; H, 2-1; N, 11-7%). 

N-o-Carboxyphenylsydnone.—o-Carboxyphenylglycine (39 g.) was dissolved in a hot solution of 
sodium hydroxide (8 g.) in water (300 ml.). On cooling quickly to 0—5°, the sodium salt separated. 
To the suspension, sodium nitrite (15 g.) in water (50 ml.) was added with stirring during 30 mins. After 
another 3} hours’ stirring at 5°a clear solution was obtained, from which on acidification, the nitroso- 
compound separated slowly as a cream powder; 35-1 g., m. p. 112—113° (decomp.). It was readily 
soluble in warm water and recrystallised on cooling without change ofm.p. Van Ekenstein and Blanksma 
(Rec. Trav. chim., 1905, 24, 36) record m.p. 120° (decomp.) (Found : equiv., 114-2. Calc. for C,H,0,N, : 
equiv., 112-1). The nitroso-compound (22-4 g.) was dissolved in acetic anhydride (90 ml.) and kept for — 
3 weeks. The crude product obtained after decomposing the acetic anhydride was recrystallised once 
from alcohol (charcoal); yield, 9-7 g., m. p. 204—205° (decomp.), raised by recrystallisation to 
205—206° (Found: C, 51-9; H, 2-9; N, 13-0. C,H,O,N, requires C, 52-4; H, 2-9; N, 13-6%). On 
account of rapid decomposition during combustion, it was difficult to obtain consistent analytical 
figures. 

w i-p-Corbenyphenyleydnene. —The following procedure gave purer p-carboxyphenylglycine than that 
obtained by Mauthner and Suida (Monatsh., 1890, 11, 380). Sodium hydrogen carbonate (33-6 g.) was 
added to a mixture of bromoacetic acid (27-8 g.), p-aminobenzoic acid (27-2 g.), and water (250 ml.), and 
the solution boiled under reflux for 4 hours. On cooling, the monosodium salt of p-carboxyphenylglycine 
separated and was filtered off. It was dissolved in sodium hydroxide solution, and the crude glycine 
[26-1 g.; m. p. 241—243° (decomp.)] precipitated by acidification to pH 1—2. On digestion with hot 
glacial acetic acid (400 ml.), part of the glycine [11-1 g.; m. p. 255° (decomp.)] remained undissolved, and 
more [7-0 g.; m. p. 255° (decomp.)] was recovered on cooling the acetic acid solution; total yield, 18-1 g. 
(46%). The nitroso-derivative was prepared similarly to that of the o-carboxy-compound, rather more 
water (525 ml.) and a longer reaction time (9 hours) being required. Conversion into the sydnone was 
brought about by heating the nitroso-compound (22-4 g.) with acetic anhydride (90 ml.) at 80°. After 
isolation in the usual way, 14-4 g.(70%) of crude product, m. p. 242—243° (decomp.), were obtained. 
Recrystallisation from cyclohexanone raised the m. p. to 248—249° (decomp.) (Found: C, 52-2; H, 2-9; 
N, 13-5%). 

Crh 1-N-methylsydnone.—Phenylsarcosine (1-91 g.) was dissolved in a mixture of glacial acetic 
acid (20 ml.) and water (20 ml.) and cooled to 2°; a solution of sodium nitrite (0-82 g.) in water (10 ml.) 
was added, and the mixture kept at 0O—5° for 70 mins. It was then extracted rapidly with two successive 
mixtures of benzene (15 ml.) and acetic anhydride (10 ml.), the extract being allowed to stand in the dark 
for three days. It was then shaken well with water, and the benzene layer separated and dried (Na,SQ,). 
On evaporation, first on the water-bath and later at room temperature, a semicrystalline residue was 
obtained which was washed thoroughly with cold water and dried in a desiccator ; 0-42 g., m. p. 115—120°. 
One recrystallisatioh from hot water gave 0-22 g. of pure white crystalline sydnone, m. p. 131—132° 
(Found : C, 60-8; H, 4-5; N, 15-65. H,O,N, requires C, 61-3; H, 4-6; N, 15-9%). 

C-Chloro-N-phenylsydnone.—N-Phenylsydnone (1 g.) and crystalline sodium acetate (1 g.) were 
dissolved in glacial acetic acid (20 ml.), and chlorine bubbled in until no more was absorbed (0-5 g.). The 
solution was mixed with water, and the precipitated product filtered off, recrystallised from aqueous 
alcohol, and dried in air; 0-45 g., m. p. 127° (decomp.) (Found : Cl, 17-8; N, 13-8. C,H,O,N,Cl requires 
Cl, 18-0; N, 14-25%). 


The authors thank Miss J. Fildes for the many microanalyses done in connexion with this work. 
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465. Pectic Substances. Part VIII. The Araban Component of 
Sugar-beet Pectin. 


By E. L. Hirst and J. K. N. Jonss. 


Methylation of crude pectic material isolated from sugar beet gave a product from which 
could be separated material which closely resembled the methylated araban obtained from 
other plant pectins. On methanolysis, this methylated araban yielded in approximately 
equimolecular proportions 2:3: 5-trimethyl methyl-L-arabinoside, 2: 3-dimethyl methyl-L- 
arabinoside, and 2-methyl methyl-L-arabinoside. The ease of hydrolysis indicates that the 
polysaccharide is built up of L-arabofuranose residues and it appears to be identical in structure 
with the araban present in the peanut (Hirst and Jones, J., 1947, 1221). 


THE presence in sugar beet of a polysaccharide containing L-arabinose residues was suggested 
some 75 years ago by Scheibler (Ber., 1873, 6, 612), who found that extraction of the beet with 
lime water yielded a solution of a gum which, on acidic hydrolysis, gave a good yield of L-arabinose. 
Later work by Ehrlich and Schubert (Ber., 1929, 62, 1974) confirmed this observation. Ehrlich 
considered that the araban was of comparatively low molecular weight, and Gaponenkov 
(J. Gen. Chem. Russia, 1937, 7, 1729) reported that the polysaccharide had a molecular weight 
of the order of 6000. It was not, however, until 1945 that Ingelman (Communications Swedish 
Sugar Corp., 1945, 1, 179) detailed the actual isolation of the araban from sugar beet and 
described its physical properties. The optical rotation ([a]) ca. —130°) suggested that this 
araban was closely similar to, if not identical with, the araban present in pectic materials isolated 
from other plant sources. 

In the present experiments, attempts were made first of all to extract the araban by the 
methods detailed by earlier workers (Scheibler, Joc. cit.), but difficulty was experienced in 
obtaining it in a sufficiently high degree of purity when fresh beet, or sugar beet chips from 
which the sucrose had been removed by extraction, were used as source. Earlier work on the 
pectic components of the peanut (Hirst and Jones, J., 1938, 496; 1939, 452) had shown that, 
under the usual conditions of methylation with sodium hydroxide and methyl sulphate, the 
pectic acid component is largely destroyed, and that the araban component is converted into 
an insoluble methyl ether derivative much more rapidly than is the galactan component. 
Application of this methylation procedure to a sample of crude araban which had been isolated 
by extraction of sugar beet chips with lime water according to the method of Scheibler (/oc. cit.) 
led to the isolation of a methylated araban. This material had [a], ca. — 150° in acetone, 
compared with ca. — 170° for the purest sample of methyl araban isolated from peanut araban, 
but somewhat lower figures have been obtained for other samples of methylated peanut araban 
and for methylated apple araban (Hirst and Jones, J., 1939, 454). The presence of a small 
amount of contaminant was shown in that after methanolysis of the methylated beet araban 
there remained a small quantity of a difficultly hydrolysable residue, and it is probable that the 
difference in optical rotation of the samples of methylated araban is due to the presence of this 
impurity. It is clear that traces of methylated galactan or pectic acid, with their high positive 
rotations, would account for the variations. 

Methanolysis of the methylated araban, followed by fractional distillation of the products, 
gave three fractions in approximately equimolecular proportions. These were (a) 2: 3: 5-tri- 
methyl methyl-.t-arabofuranoside, which was further characterised as the crystalline lactone 
and the crystalline amide of 2: 3: 5-trimethyl L-arabonic acid (Baker and Haworth, J., 1925, 
365); (b) 2:3-dimethyl methyl-.-arabinoside, identified as the crystalline anilide of 
2 : 3-dimethyl L-arabinose and as the crystalline amide of 2 : 3-dimethyl L-arabonic acid (Smith, 
J., 1939, 753); and (c) 2-methyl methyl-L-arabinoside characterised as the crystalline phenyl- 
hydrazone of 2-methyl L-arabinose and as the crystalline amide of 2-methyl L-arabonic acid 
(Hirst and Jones, J., 1947, 1221). Confirmation of the presence of three methylated derivatives 
of arabinose was obtained from a study of the reducing sugars produced on hydrolysis 
of methylated araban. A solution of the sugar derivatives on examination on the paper 
chromatogram showed three widely separated spots of approximately equal intensity. The 
isolation of these three derivatives of L-arabinose in approximately equimolecular proportions 
shows that the araban possesses a branched chain structure. The isolation of the 2: 3: 5-tri- 
methyl methyl-L-arabinoside proves that at least one-third of the pentose residues is in the 
furanose form. The high negative rotation of the methylated araban, coupled with its ease of 
methanolysis, indicates that in all probability all the L-arabinose residues are present as 
furanosides in the polysaccharide. The position reached in the delineation of the possible 
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structures which satisfy the experimental observations is exactly the same as in the case of 
peanut araban discussed earlier (Hirst and Jones, Joc. cit.). It is clear that one-third of the 
arabinose residues are attached in the form A,1]...and therefore are end groups. Another set 
of arabinose residues is present in the form ...5A,1..., linked through positions 1 and 5, and 
the remaining arabinose residues occur as :::3,A,1...., linked through positions 1 and 3. 
It is clear also that sugar-beet pectin resembles the other pectins we have examined, derived from 
citrus fruit, peanut, and apple, in that it contains a polymer built up of L-arabofuranose residues 
which cannot arise by direct decarboxylation of the uronic acid residues in the pectic acid, 
which is intimately associated with the araban. 


EXPERIMENTAL. 
(All b. p.s recorded in distillations are bath temperatures.) 


Sugar-beet chips, which had previously been extracted with water to remove sucrose, were used as 
the source of araban. The extracted material (500 g.) was mixed with water (4 1.) containing calcium 
hydroxide (100 g.) and the whole heated on the steam-bath for 12 hours. The slurry was filtered through 
cloth and the filtrate was centrifuged. The clear solution was then acidified with acetic acid, and the 
solution filtered to remove degraded pectic acid. On addition of alcohol, crude araban, contaminated 
with calcium acetate, was precipitated. The product was purified by dissolving it in water (250 c.c.); 
the insoluble material was filtered off, and the araban reprecipitated by the addition of alcohol. This 
crude product (ca. 5 g.) was used in subsequent experiments. 

Acetylation.—The crude araban (1 g.) was suspended in pyridine (50 c.c.), and acetic anhydride 
(15 c.c.) added. The mixture was heated on the steam-bath for 6 hours, cooled, and the insoluble 
material removed on the centrifuge. Crude araban acetate was precipitated on pouring the pyridine 
solution into water. It was filtered off, washed with water, and purified by reprecipitation from acetone 
solution by the addition of water. The product (0-4 g.) had [a]?° — 84° (c, 0-36 in acetone) (Found : 
OAc, 39. Calc. for a diacetyl araban: OAc, 37-2%). On deacetylation by the method of Zemplén 
and Kunz (Ber., 1923, 56, 1705), an araban (0-1 g.), [a]??° — 114° (c, 0-4 in water), was isolated. 
Ingelman reports [a]p — 129° for an araban isolated from sugar beet. 

Methylation.—The crude araban (10 g.) was methylated with sodium hydroxide and methyl sulphate, 
and the crude product (6 g.) purified, after 6 methylations, by solution in acetone followed by filtration. 
Methylation of the acetone-soluble fraction was completed by boiling it with silver oxide and methyl 
iodide. The product (5-2 g.; OMe, 36-7%) was fractionated by addition of light petroleum (b. p. 40—60°) 
to its acetone solution. Fraction (1) was a yellow solid (2-4 g.), [a]#" —148° (c, 1-3 in acetone) (Found : 
OMe, 36-2. Calc. for dimethyl araban: OMe, 38-8%). Fraction (II) was a yellow solid (1-5 g.), [a]??° 
—146° (c, 0-55 in acetone) (Found: OMe, 36-8%). Fraction (III) (1-3 g.) was a sticky yellow solid 
which was not further examined. 

Hydrolysis—(a) Qualitative. Methylated araban [Fraction (I)] (12 mg.) was dissolved in methyl 
alcohol (1 c.c.) and 3n-hydrochloric acid (0-5 c.c.) added. The solution was heated at 70° for 12 hours. 
The temperature was then raised to 90° and the solution concentrated to ca. 0:2 c.c. A spot of the 
solution was withdrawn, mixed with one spot of ammonia (d@ 0-88), and the mixture of sugars separated 
on a paper chromatogram by the method of Partridge (Nature, 1946, 158, 270), as used by Flood, Hirst, 
and Jones for methylated sugars (ibid., 1947, 160, 86) with a mixture of butanol (50%), ethanol (10%), 
and water (40%) for development. After 20 hours the paper was removed from the apparatus, dried in a 
steam-oven, and sprayed with ammoniacal silver nitrate. After removal of the solvent in the steam-oven, 
the position of the reducing sugars was indicated by the formation of a brown stain of silver. Three 
well separated spots of approximately equal intensity were produced, the presence of three different 
reducing sugars being thus indicated. 

(b) Quantitative. Fraction (I) (2-18 g.) was boiled with methanolic hydrogen chloride (100 c.c.; 
1% w/v) for 12 hours. It was not possible to follow the change in optical rotation, owing to darkening 
of the solution. The cooled solution was neutralised with silver carbonate and filtered, and the filtrate 
concentrated to a syrup (2-39 g.). This syrup was submitted to fractional extraction from aqueous 
solution in an all-glass continuous extraction apparatus (Brown and Jones, J., 1947, 1344) with light 
petroleum (b. p. 39—40°) and then with ether, yielding (a) a portion soluble in light petroleum (1-38 g.), 
and (b) a portion soluble in ether (0-40 g.). The residue (0-4 g.) in the water was obtained on concen- 
tration of the aqueous solution. Portion (a) was distilled in a vacuum, giving Fraction (A) (0-52 g.), 
b. p. 90°/0-1 mm., 23?" 1-4365 (Found : OMe, er 4h’ Portion (b) was added to the still residue and the 
distillation continued, giving Fraction (B) (0-67 g.), b. p. 120—130°/0-1 mm., n?* 1-4478 (Found : OMe, 
49-7%). The water-soluble residue was added to the still residue and the distillation continued, giving 
Fraction (C) (0-46 g.), b. p. 130—140°/0-1 mm., n?0° 1-4629 (Found: OMe, 38-4%), and Fraction (D) 
(0-31 g.), b. p. 140—160°/0-1 mm., ?*" 1-4743 (Found : OMe, 34-0%). The still residue (0-28 g.) was not 
further examined. 

Examination of the fractions. Fraction (A) (0-52 g.) was hydrolysed with boiling N-sulphuric acid; 
[a]#" changed from —57° to —17° (6 hours; constant value). The syrupy sugar (0°45 g.), 30° 1-4568, 
was isolated by continuous extraction of the neutralised solution with chloroform (Found : OMe, 45-8%). 
On oxidation with bromine water this fraction gave in good yield talline 2 : 3 : 5-trimethyl L-arabono- 
lactone, m. p. and mixed m. p. with an authentic sample, 29°. reaction with liquid ammonia, the 
lactone was converted into 2: 3 : 5-trimethyl L-arabonamide, m. p. and mixed m. p. with an authentic 
sample, 139°. The figures for the methoxy] content and the optical rotation show that this fraction 
could contain some 15% of 2 : 3-dimethy] L-arabinose. 

Fraction (B) (0-67 g.) was boiled (6 hours) with N-sulphuric acid until the optical rotation had become 
constant; [a]}??° —48° > + 76°. The reducing sugar (0-59 g.), [a]p +82° in water, was isolated in the 
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usual manner (Found: OMe, 36-7%). On boiling a portion of the syrup with alcoholic aniline, 
2 : 3-dimethy] L-arabinose anilide was produced, m. p. and mixed m. p., with an authentic sample, 138°. 
On oxidation with bromine water the sugar gave 2 : 3-dimethyl L-arabonolactone characterised as its 
crystalline amide, m. p. and mixed m. p. with an authentic sample, 162°. From the optical rotation 
and oe content, it may be calculated that this fraction contains some 16% of 2: 3 : 5-dimethyl 
L-arabinose. 

Fraction (C) (0-45 g.) was hydrolysed with boiling n-sulphuric acid; [a]p +5° —>» +8-4, yieldin 
a syrup (0-4 g.), (a]??” +90°, n® 1-4702 (Found : OMe, 23-6%), which was h mixture of 2: 3-dymethyl 
L-arabinose (25%) and 2-methyl L-arabinose (75%). On oxidation with bromine water, it yielded 
a lactone which partly crystallised after distillation and on nucleation with 2: 3-dimethyl t-arabono- 
lactone. The crystals were separated on a porous plate and were purified by recrystailisation from 
ether-light petroleum. They then had m. p. 34°, not depressed on admixture with an authentic sample. 

Fraction (D) (0-31 g.), on hydrolysis with n-sulphuric acid, yielded a syrup (0-22 g.), [a]p +100° 
(Found: OMe, 19-6%); this, on being heated with alcoholic phenylhydrazine, yielded 2-methy] 
L-arabinose phenylhydrazone, m. p. 116°, not depressed on admixture with an authentic specimen. 
The methoxyl content indicated that this fraction is a pure monomethy] pentose. 


Wt. of L-arabinose derivatives (g.) calcd. as 


2:3: 5-Trimethyl 2 : 3-Dimethyl 2-Methyl 
Fraction. methyl-t-arabinoside. methyl-L-arabinoside. methyl-t-arabinoside. 

(A) 0-465 0-055 a 
(B) 0-107 0-563 a 

(C) —_ 0-065 0-385 

(D) —_ a 0-310 

Total 0-572 0-683 0-695 
Ratio in g.-mols. 0-8 1-0 1-1 


The quantitative data relating to the hydrolysis products obtained from Fraction (I) of the methylated 
araban are collected together in the Table, which shows the amounts of 2:3: 5-trimethyl methyl- 
arabinoside, 2 : 3-dimethyl methylarabinoside and 2-methyl methylarabinoside contained in the Fractions 
(A), (B), (C), and (D). The three sugars are present in the mixture of hydrolysis products in 
approximately equimolecular proportions. 

Fraction (II) (1-44 g.) was hydrolysed by boiling it with methanolic hydrogen chloride (50 c.c., 4%) 
for 20 hours; ({a]??° —20°, constant value). The cooled solution was treated with diazomethane and 
concentrated to a syrup under reduced pressure. The residual yellow syrup (1-6 g.) was then dissolved 
in water, and some insoluble brown material was filtered off. The filtrate was made up to 50 c.c. with 
water and extracted with light petroleum (b. p. 40—60°) in a double extractor of the type described by 
Brown and Jones (loc. cit.). Very little methylated sugar was being removed from the aqueous solution 
after extraction for 24 bours, and at this stage the light petroleum solution was evaporated to a syrup 
(X, 0-63 g., 2° 1-4360) and extraction of the aqueous solution was continued with ether. 24 Hours’ 
extraction sufficed to remove all the ether-soluble material (Y, 0-41 g.). Concentration of the residual 
aqueous solution left a syrup (Z, 0-51 g.). 

These fractions were further purified by distillation ina vacuum. Fraction (X) was distilled, yielding 
fraction (E) (0-48 g.), 20° 1-4358, b. p. 100°/0-1 mm. (Found : OMe, 60%). Fraction (Y) was then added, 
and the distillation continued, yielding fraction (F) (0-51 g.), b. p. 130°/0-1 mm., n?” 1-4568 (Found: 
OMe, 49-2%). The still residue (80 mg.) was added to the syrup obtained on concentration of the 
residual aqueous solution and purified by distillation, giving fraction (G) (0-47 g.), b. p. 170°/0-1 mm., 
nv 1-4738 (Found : OMe, 35-2%). The still residue (0-11 g.) was not further examined. 

When Fraction (E) (0-47 g.) was hydrolysed with n-sulphuric acid, [a]p changed from —83° to —40° 
(constant value). The syrupy sugar (0-4 g.), isolated in the usual manner, was oxidised with bromine 
water, and the resultant 2: 3: 5-trimethyl L-arabonolactone, m. p. 30° [a]p —46° (c, 1-31 in water; 
initial value), was isolated in the manner already described (yield, 0-41 g.) (Found: OMe, 48-7; equiv., 
188. Calc. for C,H,,0,: OMe, 48-9%; equiv., -190). 

Fraction (F) (0-5 g.) was hydrolysed by boiling with N-sulphuric acid; [a]p —17° (initial value) 
rising to +90° (constant value). A sample (0-1 g.) of the sugar (0-44 g., [a]p +96°) gave, on boiling with 
alcoholic aniline, 2 : 3-dimethyl L-arabinose anilide. m. p. 138°, not depressed on admixture with an 
authentic specimen. The sugar (0-2 g.), on oxidation with bromine water, was converted into 2 : 3-di- 
methyl L-arabonolactone, ({a]p —38°, falling to —27°; c, 1-1 in water), characterised as the crystalline 
2 : 3-dimethy] L-arabonamide, m. p. and mixed m. p. with an authentic sample, 162°. 

Fraction (G) (0-4 g., [a]p —10° in water) was hydrolysed with boiling N-sulphuric acid until the 
rotation remained constant ([a]p +94° after 6 hours). The sugar thereby obtained (0-2 g.) (Found: 
OMe, 19-1%) gave, with alcoholic phenylhydrazine, a poor yield of 2-methy] L-arabinose phenylhydrazone, 
m. p. and mixed m. p. with an authentic sample, 114°. No crystalline anilide could be obtained. 
Oxidation of a sample of the sugar (0-1 g.) with bromine water gave a lactone, [a]p —44° —-> —40° 
(48 hours) (Found : OMe, 19; equiv., 164. Calc. for CgH,,0,: OMe, 19-1%; equiv., 162). The lactone 
with alcoholic ammonia gave in small yield 2-methyl L-arabonamide, m. p. 131°, [a]p +52° (c, 0-7 in 
water) (Found: OMe, 17-1%). 

Examination of the constants of fractions (E), (F), and (G) indicate that methylated polysaccharide 
{Fraction (II)] yields 2:3: 5-trimethyl methyl-L-arabinoside (0-51 g.), 2: 3-dimethyl methyl-L-arabinoside 
(0-48 g.), and 2-methyl methyl-L-arabinoside (0-47 g.) in approximately equimolecular proportions. 
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466. 2-Amino-1 : 3: 4-indotriazine. The Reaction between Isatin and 
Aminoguanidine. 
By Harotp Kinc and JEAN WRIGHT. 


The aim of the investigation was the introduction of basic side-chains into 3-amino- 
1 : 2: 4-indotriazine (I) (Rajagopalan, Proc. Indian Acad. Sci., 1943, 18 A, 100) with a view to 
the production of potential antimalarials. 

The product of Rajagopalan’s reaction was not this indotriazine but isatin syn-B-guanyl- 
hydvazone (II) which could be cyclised in boiling aqueous solution to 2-amino-1 : 3 : 4-indo- 
triazine (IV). An analogous compound was obtained from N-methylisatin. Attempts to 
attach side-chains to these substances were not successful. 

Both parent syn-guanylhydrazones were converted in hot alkaline solution into anti- 
guanylhydrazones which could be cyclised to the above 2-aminoindotriazines by sublimation in 
a high vacuum at 250°. Hot acid treatment converted isatin anti-B-guanylhydrazone into the 
syn-form. 

, Diacetylisatin anti-B-guanylhydrazone on acid hydrolysis gave di-isatin azine (VI) whereas 
acetyl-N-methylisatin anti-B-guanylhydrazone gave NWN’-dimethylisoindigotin. These two 
symmetrical products with alcoholic phenylhydrazine yielded the phenylhydrazones of isatin 
and N-methylisatin respectively. 

The syn- and anti-guanylhydrazones recorded in this communication appear to be the first 
examples of Hantzsch-Werner stereoisomerism in this type of compound. 


By the action of aminoguanidine on isatin in boiling glacial acetic acid solution Rajagopalan 
(loc. cit.) described the formation of a substance to which the constitution of a 3-aminoindo- 
triazine (I) was attributed. As this seemed to be a readily accessible substance it occurred to us 
that it might be used as a basis for the synthesis of a series of potential antimalarials by the 
introduction of appropriate basic side-chains. 


N‘NH-C(-NH)-NH, = NH,‘(NH:)C-NH-Y 


KAAS VA IVA\ 
Or @ rag Cy ton | AY” 


(I.) (II.) (III.) 


On repetition, however, of Rajagopalan’s preparation, a base was obtained to which the 
constitution of isatin syn-8-guanylhydrazone (II) is assigned. This base formed a characteristic 
hydrochloride and nitrate and when the hydrochloride was digested at 80° with excess of 
0°5N-aqueous sodium hydroxide it was converted into an isomeric base to which the constitution 
isatin anti-8-guanylhydrazone (III) is attributed. Unlike the syn-base this base was a markedly 
crystalline substance and it formed a characteristic hydrochloride and nitrate different from the 
corresponding salts of the syn-base. When the hydrochloride of the anti-base was boiled in 16% 
aqueous hydrochloric acid solution the hydrochloride of the syn-base separated out. The base 
Rajagopalan had in hand was undoubtedly the crude syn-base and not the tricyclic structure 
claimed. The 3-aminoindotriazine formula, involving an attack by the ketone reagent on the 
a-position, which Rajagopalan assigned to his base is contrary to experience and it further 
involved the loss of a molecule of water, such as is not found to occur. The same doubt applies 
to the series of substituted 3-aminoindotriazines which De and Dutta (Ber., 1931, 64, 2605) 
claimed to have obtained by the action of aminoguanidine on substituted isatins in boiling 
glacial acetic acid solution. 

When, however, isatin syn-8-guanylhydrazone hydrochloride was boiled in dilute aqueous 
solution with excess of ammonia for several hours, it was converted with loss of water into a base 
C,H,N, to which the constitution 2-amino-1 : 3 : 4-indotriazine (IV) is assigned. Unlike the 
guanylhydrazones which are all yellow this base is almost colourless and the salts with mineral 
acids are pale yellow. Under similar conditions isatin anti-8-guanylhydrazone does not give 
this cyclic base but if it is heated to 250° in a high vacuum in a sublimation apparatus it slowly 
yields the aminoindotriazine as a crystalline sublimate. Attempts to condense this triazine with 
vinyl cyanide, with ethylene chloro- or bromo-hydrin or with dicyandiamide under a variety of 
conditions were unsuccessful. 

When isatin anti-8-guanylhydrazone was boiled with acetic anhydride and pyridine it yielded 
mono- and di-acetylisatin anti-B-guanylhydvazones. The monoacetyl derivative is given the 
structure (V) since it is soluble in acid solution. When the diacetyl derivative was refluxed with 
16% hydrochloric acid a very sparingly soluble maroon-coloured crystalline precipitate separated 
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which has been identified as di-isatin azine (VI). The acetyl groups play some specific function 
in the process since, as already mentioned, the parent isatin anti-8-guanylhydrazone on boiling 
with 16% hydrochloric acid gave the syn-hydrochloride exclusively. 


NH,-(NH:)C-NH-N 
Yrs: mS 1 NH, Or Oo « co CO OO 
a (V.) ; (VI.) 


In this connection it is of interest that Marchlewski (Ber., 1896, 29, 1032) heated isatin 
§-semicarbazone with concentrated hydrochloric acid to 130° and obtained a substance difficultly 
soluble in all organic solvents which Borsche and Meyer (Ber., 1921, 54, 2849) suggested was 
di-isatin azine. 

N-Methylisatin formed a. precisely similar series of syn- and anti-8-guanylhydrazones and 
salts. Moreover when N-methylisatin anti-B-guanylhydrazone was acetylated it gave a monoacetyl 
derivative (VII) which on boiling with 16% hydrochloric acid gave not N-methylisatin azine but 
NN’-dimethylisoindigotin (VIII) possibly through an intermediate azine. 

Di-isatin azine and NN’-dimethylisoindigotin when digested with boiling alcoholic phenyl- 
hydrazine furnished isatin §-phenylhydrazone and N-methylisatin §-phenylhydrazone 
respectively. 


NH,-(NH:)C-NH-N 

(\ a > os co CO (0?) (S O. 
VU ye LA A Aw rane 
e 


(VII.) (VIII.) a 


N-Methylisatin syn-8-guanylhydrazone could be cyclised in the usual way by boiling in dilute 
ammoniacal solution to form 2-amino-9-methyl-1 : 3: 4-indotriazine (IX) identical with the 
product of methylation of 2-amino-1 : 3: 4-indotriazine with methyl sulphate and sodium 
methoxide in methyl alcoholic solution. The same substance was also formed by heating 
N-methylisatin anti-B-guanylhydrazone to 250° in a high vacuum. 

The finding of Hantzsch-Werner stereoisomerism of oxime type among guanylhydrazones 
does not appear to have been recorded previously. There are, however, many instances of such 
isomerism among the phenylhydrazones and semicarbazones but in very few instances has it 
been found possible to assign syn- and anti-structures to the two forms isolated. In the present 
instance the formation of a cyclic derivative from one of the guanylhydrazones in boiling aqueous 
solution appears to fix the constitution of the syn-form, the anti-form only furnishing the same 
cyclic aminoindotriazine under much more drastic conditions, namely heat and sublimation in a 
vacuum at 250°. 

EXPERIMENTAL. 


Isatin syn-B-Guanylhydrazone (II).—Isatin (14-7 g.) and aminoguanidine hydrogen carbonate 
(13-7 g.) in acetic acid (500 c.c.) were boiled for 30 minutes and the solution then poured into water 
(1200 c.c.). The solution was then concentrated under reduced pressure to a small volume (200 c.c.) and 
the hydrazone (17-8 g.) collected. The mother-liquors were diluted with water and again concentrated 
and gave a further crop (1-5 g.). The hydrazone so prepared has m. p. 205° (efferv.); it resolidifies and 
is then unmelted at 300°. 

If the conditions given by Rajagopalan (Joc. cit.) are followed, the only difference from the above being 
that after dilution with water the solution is basified with excess of aqueous ammonia, then the same 
product is obtained. 

As this £-guanylhydrazone is very difficult to purify as the base, it is better to convert it into the 
hydrochloride. 

Isatin syn-B-guanylhydrazone hydrochloride. The combined crops of guanylhydrazone (19-3 g.) were 
dissolved in the calculated amount of hot N-hydrochloric acid and on cooling the solution gave the 
hydrochloride (16-6 g.), m. p. 278° (efferv.). For analysis a portion was crystallised from 10 volumes of 

Nn-hydrochloric acid and separated in needles, m. p. 280° (efferv.) (Found: C, 42-0, 42-3; H, 4-7, 4-9; 
Cl, 13-8; H,O, 7-2. C,H,ON,,HCI ,H,O requires C, 41-9; H, 4-7; Cl, 13-8; H,O,:7-0%). 

The nitrate was prepared from : an aqueous solution of the hydrochloride by addition of ammonium 
nitrate solution. It separated in thin prisms or needles which when crystallised ore 10 volumes of 
water had m. p 228° (vigorous decomp.) (Found : loss at 100°, 6-4. C,H,ON,,HNO,,H ot. H,O, 
$ 3%. Found on dried solid: C, 40-7; H, 3-9; N, 31-0. C,H,ON,,HNO, requires Cao , 38; 

, 316%). 
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The base separated as fine yellow needles when a dilute solution (1%) of the hydrochloride was treated 
with excess 2N-ammonia solution. From more dilute solution it sometimes separated in plates. It is 
sparingly soluble in water or in dry acetone but readily soluble in moist acetone. It can be crystallised 
with difficulty from moist acetone and is unmelted at 310° but it may show some sintering about 200° or 
more frequently near 235° (Found on air-dried solid: loss at 100°, 4:1. C,H,ON,,0-5H,O requires 
H,O, 4:2%. Found on dried solid: C, 53-1; H, 4-8; N, 33-8. C,H,ON, requires C, 53-2; H, 4-4; 
N, 34-5%). 

I — anti-B-Guanylhydrazone (III).—Isatin syn-B-guanylhydrazone hydrochloride (25-8 g.) was 
treated with 0-5n-sodium hydroxide solution (400 c.c.) and heated on the water-bath at about 80° for 
2hours. The base first precipitated changed to a well crystallised orange solid, yield 21-0 g., m. p. 246° 
(efferv.). If dried at 110° it melts at 260° (efferv.). When crystallised from 30 volumes of spirit it 
separated in tablets, m. p. 246—248° with vigorous effervescence followed by crystallisation in prisms 
which are unmelted at 300° (Found: C, 48-9; H, 4:8; N, 31-9; H,O, 8-3. C,H,ON,,H,O requires 
C, 48-8; H, 5-0; N, 31-7; H,O, 8-2%). ? 

The hydrochloride crystallises in soft orange-yellow woolly needles which collapse with partial 
liquefaction at about 200° and then effervesce about 270° (Found : C, 41-5; H, 5-0; H,O, 6-9. 
C,H,ON,,HCI,H,O requires C, 41-9; H, 4-7; H,O, 7-0%). The nitrate crystallises from water as a felt of 
pale yellow or pale orange needles: both forms may separate simultaneously in different parts of the 
solution. It is soluble in 5 parts of hot water and has m. p. 162° (efferv.) (Found: C, 38-1; H, 4:3; 
N, 29-9; H,O, 6-1. C,H,ON,,HNO,,H,O requires C, 38-0; H, 4:3; N, 29-6; H,O, 6-3%). 

Acetylation of Isatin anti-B-Guanylhydrazone.—The parent base (1-0 g.) was boiled with acetic 
anhydride (10 c.c.) and two drops of pyridine for 5 minutes and gave a crystalline solid (1-39 g.), m. p. 
207—212°. This was dissolved in methyl ethyl ketone (60 c.c.) and the product crystallised twice more 
from the same solvent; yield 0-58 g., m. p. 220—221°. Diacetylisatin anti-B-guanylhydrazone crystallises 
in clusters of prisms and is soluble in 120 parts of boiling methyl ethyl ketone and in 8 parts of boiling 
acetic anhydride. It is not soluble in 16% aqueous hydrochloric acid (Found: C, 54-8; H, 4-6. 
C,3H,,0,N, requires C, 54-3; H, 4-6%). Satisfactory nitrogen analyses by micro-Dumas could not be 
obtained. 

The first methyl ethyl ketone crystallisation mother-liquor on concentration gave a solid, m. p. 229°, 
which on two further crystallisations from fresh methyl ethyl ketone gave monoacetylisatin anti-B- 
guanylhydrazone (V), 0-12 g., m. p. 236—237°, in rectangular elongated leaflets (Found: C, 53-6; H, 4-9. 
C,,H,,0,N, requires C, 53-8; H, 45%). Itis soluble in 16% aqueous hydrochloric acid to an orange-red 
solution. 

Better yields of the diacetyl derivative can be obtained by boiling for 15 minutes instead of 5 and 
recrystallisation of the product from acetic anhydride with 10 minutes’ boiling at each recrystallisation. 
The final product from acetic anhydride always gives a redder melt than the product from methyl ethyl 
ketone. ore prolonged boiling leads to darker solutions and decreasing yields. 

Action of 16% Hydrochloric Acid on the Diacetyl Derivative-—The diacetyl compound (5-0 g.) was 
boiled with 16% hydrochloric acid (100 c.c.) for 2 hours. The deep red solid which had separated was 
collected by filtering the hot solution, yield 1-64 g. It was recrystallised from pyridine or from glacial 
acetic acid (50 c.c.) and gave maroon-coloured needles (1-12 g.), m. p. 300° (decomp.) (Found: C, 66-3, 
66-2; H, 3-5,4-0; N, 18-5, 18-7. Calc. for C,,H,.O,N,: C, 66-2; H, 3-4; N,19-3%). It was soluble in 
concentrated sulphuric acid to a green-brown solution and in 2N-sodium hydroxide giving a red solution. 
These properties agree with those of di-isatin azine (VI), anda imen of di-isatin azine prepared from 
isatin and hydrazine sulphate by Schapiro’s method (Ber., 1929, 62, 2133) had identical properties. 

When the di-isatin azine from the diacetyl product was boiled with phenylhydrazine in alcohol for 
2 hours it gave isatin B-phenylhydrazone identified by mixed m. p. with authentic isatin £-phenyl- 
hydrazone and by analysis (Found : C, 71-0; H, 4-5. Calc. forC,,H,,ON;: C, 70-9; H, 4-6%). 

When di-isatin azine was boiled with 20 parts of acetic anhydride and 5 drops of pyridine for 45 
minutes needles of the NN’-diacetyl derivative separated (Found: C, 64-5; H, 3-9; N, 15-5. C,.H,,O,N, 
requires C, 64-2; H, 3-7; N, 15-0%). 

Action of 16% Hydrochloride Acid on Isatin anti-B-Guanylhydrazone.—The base (1-0 g.) was boiled 
with 16% hydrochloric acid for several hours during which period a crystalline solid began to separate 
and increased in quantity on cooling; yield 1-3 g., m. p. 280° (efferv.). A portion was recrystallised from 
dilute hydrochloric acid and separated in abet nde g yellow prisms, m. p. 276° (decomp.). A mixture 
with isatin syn-B-guanylhydrazone hydrochloride also decomposed at the same temperature. It was 
dissolved in 20 parts of water and treated with concentrated ammonium nitrate solution. The nitrate 
separated in needles, m. p. 229°, with vigorous decomposition. The properties were precisely those of 
the syn-nitrate. 

Isatin syn-B-Guanylhydrazone-5-sulphonic Acid.—Isatin syn-B-guanylhydrazone base was treated 
with dilute sulphuric acid and the yellow needles of the sulphate, unmelted at 300°, were collected and 
dried and then heated on a water-bath with sulphuric acid for 8 hours. On pouring into water the 
sulphonic acid separated and was purified by solution in dilute ammonia and precipitation with acetic 
acid. It separated in yellow sein. unmelted at 340° (Found in solid dried at 110°: C, 35-9; H, 3-8; 
N, 23-2. C,H,O,N,S,H,O requires C, 35-9; H, 3-7; N, 23-3%). 

When isatin anti-B-guanylhydrazone (2 g.) was added to sulphuric acid (5 c.c.) and heated on the 
water-bath the deep yellow original solution became red and after 8 hours’ heating the reaction mixture 
was worked up in the same way as in the preceding preparation. Yellow needles were obtained, 
unmelted at 340° (Found on solid dried at 110°: C, 36-1; H, 3-5; N, 23-4. Calc. forC,H,O,N,S,H,O: 
C, 35-9; H, 3:7; N, 23-3%). Comparison of the properties of this sulphonic acid and of its sodium, 
ammonium, and calcium salts with those of the preceding acid showed that the two acids were identical. 

N-Methylisatin syn-B-Guanylhydrazone.—N-Methylisatin (16-1 g.) and aminoguanidine hydrogen 
carbonate (13-7 g.) were boiled in glacial acetic acid (500 c.c.) for 30 minutes. The solution was poured 
into water, concentrated at 50° to a small volume, and excess of 2N-ammonia solution added. The 
yellow crystalline precipitate (22-0 g.) was collected, m. p. 210°. It was converted into a very sparingly 
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soluble hydrochloride in quantitative yield. A sample crystallised from a large volume of boiling water 
had m. p. 312° (Found: C, 47-0; H, 4:4; N, 27-5. C,9H,,ON,,HCl requires C, 47-2; H, 4-7; N, 
27-6%). The base obtained by the action of aqueous ammonia on the hydrochloride crystallised from 
methyl ethyl ketone in small yellow needles, m. p. 232° (decomp.) (Found: C, 55-3; H, 5-1; N, 32-1. 
C,.H,,ON, requires C, 55-3; H, 5-1; N, 32-2%). 

N-Methylisatin anti-B-Guanylhydrazone. —The above hydrochloride (2-71 g.) was treated with 
0-5N-sodium hydroxide solution (50 c.c.) on the boiling water-bath for 8 hours. The anti-base (2-36 g.) 
separated in tablets which crystallised from spirit (185 c.c.) with the addition of a drop of water in large 
elongated leaflets, m. p. 274° (efferv.) but becoming opaque at 235° (Found on 2 different preparations : 
C, 53-3, 53-8; H, 5-2, 5:3; N, 30-4, 31-1. C,9H,,ON,,0-5H,O requires C, 53-1; H, 5-3; N, 31-0%). 

The hydrochloride crystallised in fine yellow needles, m. p. 312° (decomp.) (Found on solid dried at 
100°: C, 47-2; H, 4-5; N, 28-0. C,.H,,ON,,HCl requires C, 47-°3;.H, 4:7; N, 27-6%). 

Acetyl- N-methylisatin anti-B-Guanylhydrazone (VII).—The base (0-5 g.) was boiled with acetic 
anhydride (5 c.c.) and pyridine (2 drops) for 5 minutes. The product [0- ‘5 g., Mm. p. 238° (decomp.)] was 
dissolved in boiling methyl ethyl ketone (125 c.c.) and separated in long needles of the acetyl derivative 
which slowly changed to small plates, yield 0-5 g., m. p. 237° (decomp.) (Found: C, 54-0; H, 5-4. 
C,,H,,;0,N,,0-5H,O requires C, 53-7; H, 5-3%). The water of crystallisation was not lost at 140° and 
micro-Dumas estimates of nitrogen gave very low values. On hydrolysis on the water-bath 
with 0-5N-aqueous sodium hydroxide the parent base was obtained in elongated leaflets, m. p. 270° not 
depressed by the pure anti-base. If crystallised from acetic acid it retained one molecule of acetic acid 
~~ drying at 85° (Found: C, 52-6; H, 5-3; N, 22-1. C,,H,,0,N;,C,H,O, requires C, 52-7; H, 5-3; 

» 22-0%). 

Action of 16% hydrochloric acid. The acetyl compound (6-4 g.) was boiled for 30 hours with 16% 

hydrochloric acid (100 c.c.). The red solid was collected; yield 2-4 g. It crystallised from pyridine or 
from acetone in deep red needles, m. p. 268° (Found: C, 74-1; H, 4-8; N, 9-6. Calc. for C,,H,,0,N, 
C, 74-5; H, 4:8; N,9-7%). It could also be purified by sublimation in a high vacuum and was identified 
as NN’-dimethylisoindigotin (VIII) by comparison with an authentic specimen prepared either by 
Stollé’s method (J. pr. Chem., 1930, 128, 35) or by condensation, of N-methylisatin with N-methyl- 
oxindole. On boiling with phenylhydrazine in alcohol it gave N-methylisatin B-phenylhydrazone, 
m. p. 136°, as did authentic N-methylisoindigotin and a mixture showed no depression of m. 

Preparation of 2-Amino-1: 3: 4-indotriazine (IV).—Isatin syn-B-guanylhydrazone hydrochloride 
(25-3 g.) was dissolved in water (51.) and ammonia solution (d 0-88) added in slight excess. The solution 
was boiled for 6 hours, and the solid which had separated during the boiling was collected whilst the 
solution was still hot. It consisted of buff-coloured prisms, yield 12-7 g., unmelted at 300°. It was 
converted into the hydrochloride, pale yellow slender needles, m. p. 324° (efferv.) (Found in solid dried at 
105°: C, 49-1; H, 3-6; N, 31-5. C,H,N,,HCl requires C, 48-8; H, 3-6; N,31-6%). The corresponding 
nitrate separated from dilute nitric acid in pale yellow prisms, m. p. 228° O0%).. in solid dried at 105° : 
C, 43-7; H, 3-5; N, 33-4. C,H,N,,HNO, requires C, 43-5; H, 3-2; N, 339%). The base crystallised 
from pyridine i in tiny colourless needles, m. - 360—354° (decomp.) (Found : C, 58-3; H, 3-9; N, 38-1. 
C,H,N, requires C, 58-4; H, 3-8; N, 37-8%). It sublimes readily on heating in a high vacuum. It is 
sparingly soluble in water and all organic solvents but readily souble in hot aqueous sodium hydroxide 
solution and separates unchanged on cooling. 

2-Amino-1 : 3 : 4-indotriazine is also formed from isatin anti-B-guanylhydrazone by heating to 250° 
in a high vacuum (0-3 mm.) and sublimes out slowly. 

2-A cetamido-9-acetyl-1 : 3 : 4-indotriazine.—2-Amino-1 : 3 : 4-indotriazine (1-85 g.) was refluxed with 
acetic anhydride (50 c.c.) and 1 drop of pyridine for 30 minutes. The crystalline product (2-6 g.) which 
began to separate during the boiling was collected when the solution was cool and was crystallised from 
glacial acetic acid from which it separated in colourless prisms, m. p. 283°. 2-Acetamido-9-acetyl-1 : 3: 4- 
indotriazine could be sublimed without residue in a high vacuum at 250° (Found: C, 57-8;. H, 4:3; 
N, 26-2. C,,;H,,0,N, requires C, 58-0; H, 4-1; N, 26-0%). 

2-Amino-1 : 3 : 4-tndotriazine-6-sulphonic Acid.—The above triazine (IV) (5 g.) was dissolved in 
sulphuric acid and the solution heated on the water-bath for 8 hours. On pouring into water, the 
sulphonic acid (7-8 g.) separated in yellow needles, unmelted at 310° (Found : C, 38-6; H, 3-4; N, 24-9. 
C,H,O3N,S,H,O requires C, 38-2; H, 3-2; N, 247%). The sodium salt crystallised from water in 
colourless prisms, unmelted at 300° (Found : Na, 7-6. C,H,O,;N,SNa requires Na, 8-0%). The 
calcium and ammonium salts were also colourless. The free sulphonic acid is precipitated on the addition 
of acetic acid to the aqueous solution of the sodium salt. 

The corresponding sulphonamide was prepared by warming the sulphonic acid in chlorosulphonic 
acid to 80° for 14 hours, pouring on to ice, collecting the solid and grinding with concentrated ammonia 
solution. It was purified by precipitation from solutions of its hydrochloride in water by the addition of 
ammonia solution and was obtained as small colourless prisms, unmelted at 320° (Found: C, 40-9; 
H, 2-9. C,H,O,N;,S requires C, 40-9; H, 3-0%). 

Preparation of 2- -Amino-9-methyl-I : 3 : 4-indotriazine (IX).—This pee was carried out in the 
same way as that of its unmethylated homologue (above). The Aydrochloride crystallised from dilute 
hydrochloric acid in pale yellow slender needles which retained water of crystallisation when dried at 
105° (Found: C, 47-7; H, 4-7; N, 27-8. C,gH,N,,HCl,H,O requires C, 47-3; H, 4-7; N, 276%). The 
base could be crystallised from ‘pyridine but was best purified by sublimation in a high vacuum and thus 
obtained in colourless prisms, m -P. 314° (Found: C, 59. 9; H, 4:5; N, 35-5. C,H N, requires C, 60-3; 
H, 4-5; N, 35-2%). Unlike its lower homologue it is insoluble in dilute sodium hydroxide solution. 
The nitrate separated from dilute nitric acid in long, pale yellow needles, m. p. 210° (decomp.) (Found : 
N, 31-8; CigH,N,, HNO, requires N, 32-1%). 

2-Amino-9-methyl-1 : 3 : 4-indotriazine was also obtained by heating N-methylisatin anti-B-guanyl- 
hydrazone in a high vacuum in a sublimation apparatus to 250°. The product had to be resublimed 
several times and was finally extracted with boiling acetone which removed a soluble red solid, m. p. 268°, 
which proved to be NN’-dimethylisoindigotin. The insoluble solid was resublimed and was then shown 
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by mixed m. p. determinations on the base and salts to be identical with 2-amino-9-methyl-1 : 3 : 4- 
indotriazine. 

Methylation of 2-Amino-1 : 3 : 4-indotriazine.—This triazine (2 g.) was dissolved in excess of a solution 
of sodium methoxide in methyl alcohol (100 c.c.) and freshly distilled dimethyl sulphate (5 c.c.) was 
gradually added. The reaction was completed by heating on the water-bath for 2 hours during which 
period a green solid separated. It was crystallised from pyridine and found to be 2-amino-9-methy]l- 
1 : 3: 4-indotriazine (0-5 g.) identical with the previously described material. Unmethylated triazine 
(1-2 g.) was recovered from the methyl alcoholic mother liquor by acidification with acetic acid. 


We are indebted to Dr. F. G. Mann, F.R.S., for N-methyloxindole, and to Imperial Chemical 
Industries Ltd. for a specimen of oxindole. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HampstTEaD, N.W. 3. (Received, March 11th, 1948.] 





NOTES. 


The Synthesis of 1: 3-Dihydroxyphenazine. By G. R. CLEmo and A. F. DaGLisu. 


Hecepts (Chem. Abs., 1947, 41, 6252) has prepared 1: 2-dihydroxyphenazine whose diacetoxy- 
derivative is different from that obtained from the pigment of Chromobacterium iodinum (Clemo and 
MclIlwain, J., 1938, 479). 

In the course of synthetic work in this field, which will be fully reported later, we have prepared 
1 : 3-dihydroxyphenazine by the hydrolysis of 1: 3-diaminophenazine (Albert and Duewell, J. Soc. 
Chem. Ind., 1947, 66,11). Although this melts at 275°, its m. p. is depressed to 250° by the dihydroxy- 
phenazine from the pigment and its alcoholic solution gives a brown coloration with ferric chloride and 
no lake with alcoholic lead acetate. 

1 : 3-Dihydroxyphenazine.—1 : 3-Diaminophenazine (1-0 g.) and dilute sulphuric acid (60 ml.; 3N) 
were heated in a sealed tube at 180° for 4 hours, the product diluted with an equal volume of water, and 
neutralised with sodium hydrogen carbonate. The crystalline precipitate was collected, extracted with 
aqueous sodium hydroxide, the resulting blue solution treated with sulphur dioxide, and the brown 
precipitate collected, dried, and sublimed at 170°/0-1 mm. The sublimate was recrystallised from 
alcohol, yielding the dihydroxy-compound in orange-red needles (0-2 g.), m. p. 275° (Found: C, 67-6; 
H, 4-1; N, 13-4. C,,H,O,N, requires C, 67-9; H, 3-8; N, 13-2%). 

1 : 3-Diacetoxyphenazine.—1 : 3-Dihydroxyphenazine (15 mg.) was refluxed for 1 hour in pyridine 
(1-5 ml.) and acetic anhydride (6 drops), the solvent removed under reduced pressure, and the residue 
crystallised from alcohol; white needles of the diacetoxy-derivative separated, m. p. 163° (Found: 
Cc, 65-2; H, 4-6. C,,H,,0,N, requires C, 64:9; H, 4-1 %). 


One of us (A. F. D.) is indebted to the Ministry of Education and Durham County 
Education Committee for maintenance grants, and our thanks are due to Mr. W. A. Campbell for 
making the micro-analyses.—KiING’s COLLEGE, UNIVERSITY OF DURHAM, NEWCASTLE-UPON-TYNE. 
(Received, January 19th, 1948.] 





Cinnolines. Part XX. 4-Hydroxy-3-ethylcinnoline and “7% 4 aia ae ml 
carboxylic Acid. By J. R. KENEForD and J. C. E. Simpson. 


THE synthesis of 3-substituted 4-hydroxycinnolines (as I; R = CH,CO,H, Me, and halogen) from the 
appropriate o-aminoacetophenones, o-NH,°C,H,°CO-CH,R, has already been described (Schofield and 
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OH Y VW, 
e ‘e An 
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Simpson, J., 1945, 520°; this vol., p. 1170; Keneford and Simpson, ibid., p. 354). The preparation of the 
two compounds named in the title by the same reaction was undertaken in order to examine the scope 
of this method for the synthesis of analogues containing higher alkyl groups attached to C,. o-Amino- 
butyrophenone, required for (I; R = Et), and originally prepared from butyryl chloride by Elson, 
Gibson, and Johnson (J., 1930, 1128) in 8-6% yield, was obtained from butyric anhydride in 28% yield 
by suitable modifications; and 5-keto-5-2’-aminophenyl-u-pentane-l-carboxylic acid (3-o-amino- 
benzoylvaleric acid), the precursor of [I; R = [CH,],°CO,H], is obtainable, via the N-benzoyl derivative, 
from (II) (Perkin and Plant, J., 1923, 676). Each amino-ketone was readily converted, by diazotisation 
in concentrated hydrochloric acid and cyclisation, into the corresponding 3-substituted cinnoline 

0-A minobutyrophenone.—Butyrophenone, b. p. 128°/30 mm. (yield, 90%), was obtained from 
benzene (300 c.c.), aluminium chloride (294 g.), and m-butyric anhydride (160 c.c., added during 1 hour 
with stirring); the reaction was started at room temperature, allowed to proceed without cooling, and 
completed by heating on the steam-bath for } hour. Elson, Gibson, and Johnson (loc. cit.) sonnel 66% 
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yield using butyryl chloride. The ketone (60 c.c.) was mixed with acetic acid (8 c.c.) and added during 
4 hour to stirred nitric acid (300 c.c., d 1-5) at 0° +2°. After a further $ hour the solution was poured 
on ice (1200 g.), and the solid collected ; m-nitrobutyrophenone, m. p. 62—63° (all m. p.s are uncorrected), 
was obtained by crystallisation from alcohol, and crude o-nitro-ketone from the alcoholic mother liquor 
and also from the basified aqueous acid filtrate; 415 g. of butyrophenone gave 238-5 g. (43-5%) of 
m-nitro-ketone and 247 g. (45%) of crude o-nitro-ketone. The latter (25 g.), mixed with concentrated 
hydrochloric acid (45 c.c.), was treated with granulated tin (26 g.) during 4 hour with addition of more 
acid (70 c.c.), and finally heated for 4 hour on the steam-bath; the o-aminobutyrophenone, isolated 
by basification and steam-distillation, had b. p. 165—170°/26—28 mm. [161-5 g. (62%) from 310 g. of 
nitro-ketone]. 0-Acetamidobutyrophenone, prepared from the amine (50 g.) and acetic anhydride 
(100 c.c.) at 95° for 1 hour (crude yield, 66 g.), crystallised from ligroin (b. p. 40—60°) in long, lustrous, 
prismatic needles, m. p. 46—47°, evidently containing a little impurity (Found: C, 70-9; H, 7:4. 
C,.H,,0,N requires C, 70-2; H, 7:35%). 

4-Hydroxy-3-ethylcinnoline.—A solution of o-aminobutyrophenone (1-65 g., regenerated from the 
acetamido-compound by acid hydrolysis) in hydrochloric acid (10N, 200 c.c.) was diazotised (0-8 g. of 
sodium nitrite in 1-25 c.c. of water), the diazonium solution kept at 50—60° for 2 hours, concentrated 
(reduced pressure) to a small volume, and treated with aqueous sodium acetate, and the solid (1-2 g., 
68%; m. p. 225°) collected. Crystallisation from acetic acid gave 4-hydroxy-3-ethylcinnoline as clumps 
of colourless, opaque rods, m. p. 225—226° (Found: C, 69-0; H, 5-6; N, 16-0. C,,H,,ON, requires 
C, 68-95; H, 5-8; N, 16-1%). 

Preparation and Hydrolysis of 11-Nitro-10-hydroxy-9-benzoylhexahydrocarbazole.—A stirred solution 
of 9-benzoyl-1 : 2: 3: 4-tetrahydrocarbazole (20 g.; Perkin and Plant, /oc. cit., p. 685) in acetic acid 
(55 c.c.) at 30° was treated with nitric acid (6 c.c., d 1-42). The temperature rose to 50°, and the yellow 
11-nitro-10-hydroxy-9-benzoylhexahydrocarbazole, which separated after a few seconds, was collected 
and washed with a little acetic acid [13-2 g. (53%), m. p. 149° (decomp.)]; this method, using a smaller 
volume of acetic acid than that used by Perkin and Plant, who give m. p. 150° (decomp.), gives an 
improved yield. Hot alkaline hydrolysis of this compound to 5-keto-5-2’-benzamidophenyl-n-pentane 
l-carboxylic acid, using the conditions of Perkin and Plant, gave a product of inferior quality and in 
poorer yield than that of these authors, who give m. p. 126° and 56% yield. In the best of several 
variations, a solution of the nitro-compound (5 g.) in 5% potassium hydroxide (125 c.c., made up in 
50% aqueous alcohol) was left at room temperature for 2 hours; dilution and acidification gave crude 
benzamido-acid (1-87 g., 39%; m. p. 120—122°). This acid was unchanged after 4 hour’s refluxing 
with 5n-hydrochloric acid; hydrolysis of the acid (6 g.) in hot aqueous potassium hydroxide according 
to the conditions of Perkin and Plant (loc. cit.) gave 5-keto-5-2’-aminophenyl-n-pentane-l-carboxylic 
acid, m. p. 123—126°; yield, 2-25 g. Perkin and Plant record m. p. 129° and 3-5 g. 

3-4’-Hydroxy-3’-cinnolyl-n-propane-1-carboxylic Acid.—The above amino-acid (2-25 g.) was dissolved 
in hydrochloric acid (10N, 450 c.c.) and treated with a solution of sodium nitrite (0-77 g.) in water (1 c.c.) 
at 0—5°. The solution was filtered from sodium chloride, kept for 6 hours at 50—55°, concentrated 
to a small volume (reduced pressure), decanted from a little oil which had separated, and treated with 
excess of aqueous sodium acetate. The crude solid (1-27 g., m. p. 170—185°) was crystallised from 
acetic acid, from which 3-4’-hydroxy-3’-cinnolyl-n-propane-1|-carboxylic acid separated in fawn-coloured, 
lustrous blades, m. p. 201-5—202-5° [Found (two samples): C, 60-6, 60-8; H, 5-4, 5-15; N, 11-9. 
C,2H,,0,N,,4H,O requires Cc, 60-45 ; H, 5-35; N, 11-75%]. 


We are indebted to the Medical Research Council for a Research Studentship (J. R. K.).—War- 


RINGTON YORKE DEPARTMENT OF CHEMOTHERAPY, LIVERPOOL SCHOOL OF TROPICAL MEDICINE. 
[ Received, February 3rd, 1948.] 





The Formation of Ketones from Semicarbazones by the Action of Nitrous Acid. 
By D. H. Hey and D. S. Morris. 


In a recent publication (Rec. Trav. chim., 1946, 65, 796), Goldschmidt and Veer have reported that 
carbonyl compounds can be regenerated in good yield from semicarbazones by treatment with sodium 
nitrite in glacial acetic acid solution. In this manner acetophenone, trans-dehydroandrosterone acetate, 
and pregnenolone acetate were regenerated from their semicarbazones, and the method is stated to have 
particular advantages for the fission of semicarbazones of the cyclopentanohydrophenanthrene series, 
Wolfrom (ibid., 1947, 66, 238) claims to have used the method previously for the regeneration of aldehydo- 
sugar acetates from the corresponding aldehydo-penta-acetate semicarbazones (J. Amer. Chem. Soc., 
1934, 56, 1794). This work was considered as an extension of the work of Claisen and Manasse (Ber., 
1889, 22, 530) on the conversion of isonitrosocamphor into camphorquinone, a view which is contested 
by Goldschmidt and Veer (Rev. Trav. chim., 1947, 66, 238). 

A similar method, used by the authors in 1943 under somewhat different experimental conditions, 
was suggested by the work of Harries (Ber., 1901, 34, 1494), who used nitrous acid to regenerate succindi- 
aldehyde from its oxime (cf. Robinson, J., 1917, 766). The following examples illustrate the method : 

(i} Nitrous fumes, generated from sodium nitrite and dilute sulphuric acid, were passed into a sus- 
—— of cyclohexanone semicarbazone (10 g.) in water (200 c.c.) until a clear solution was obtained. 

e solution was extracted with ether and the extract washed with water and dried. Evaporation of 
the solvent and distillation of the residue gave cyclohexanone (5-8 g.), b. p. 155°. 

(ii) A suspension of cholest-4-enone semicarbazone (1-1 g., m. p. 228—230°) in water (10 c.c.) and 
benzene (10 c.c.) was treated with nitrous fumes, prepared as above. The benzene layer became almost - 
clear. The aqueous layer was removed, and the benzene solution washed with dilute sodium hydrogen 
carbonate solution and with water, and dried. Evaporation of the benzene left a crystalline residue 


(1-0 g., m. p. 65—70°). Recrystallisation from methyl alcohol-ether gave pure cholest-4-enone (0-5 g.), 
m. p. and mixed m. p. 79—80°. 
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(iii) By the same procedure as in (ii) above, trvans-dehydroandrosterone acetate semicarbazone 
[0-20 g., m. p. 266—267° (uncorr.)] gave trans-dehydroandrosterone acetate [0-15 g., m. p. 164° (uncorr.)]. 
—BRITISH SCHERING RESEARCH INSTITUTE, ALDERLEY EDGE, CHESHIRE. [Received, February 16th, 
1948.) 





The Preparation of Certain Urethanes and Their Conversion into N-Nitroso-derivatives. Some 
Chloronitro-compounds of the Type CRR’Cl-CCI(NO,)R”. By A. F. Cuitps, L. J. Gotpswortny, 
G. F. Harpine, S. G. P. PLant, and G. A. WEEKS. ‘ 


NITROSOURETHANES have long been known to possess vesicant properties, and the members of this 
class, and their intermediates, now described were prepared as part of an investigation designed to 
examine this feature more fully. A study of the properties of compounds of the type CRR’CI-CCl(NO,)R” 
has involved the preparation of some examples not hitherto recorded. 

Hydrochloride of 2-Chloro-2’-aminodiethyl Sulphide.—2-Chloroethylamine hydrochloride (23-2 g., 
prepared by the method of Ward, J. Amer. Chem. Soc., 1935, 57, 914) was added to a solution of monothio- 
ethylene glycol (15-6 g.) in aqueous potassium hydroxide (40 c.c. of 5N), and the whole treated during 
10 minutes, with stirring, with more alkali (40 c.c. of 5n). After being heated for an hour at 100°, 
the mixture was cooled, acidified with concentrated hydrochloric acid, and evaporated under reduced 
pressure. The hydrochloride of 2-amino-2’-hydroxydiethyl sulphide was extracted from the residue 
with alcohol, and recovered as a pale brown syrup (30 g.) on evaporation of the filtered extract. A 
solution of thionyl chloride (34 g.) in chloroform (25 c.c.) was gradually added to a mechanically stirred 
suspension of this salt in chloroform (25 c.c.), and the temperature was kept at 50° until the reaction was 
completed. The hydrochloride of 2-chloro-2’-aminodiethyl sulphide (26 g.), isolated by evaporation of 
the mixture and purified by crystallisation from chloroform, was very hygroscopic and melted at 68—70° 
(compare Gabriel and Colman, Ber., 1912, 45, 1643). 

Methyl 2-Chloro-n-propylcarbamate and Other Urethanes——A mixture of 2-chloro-n-propylamine 
hydrochloride (32 g., prepared by the method of Abderhalden and Eichwald, Ber., 1918, 51, 1312), 
dissolved in water (70 c.c.), and methyl chloroformate (23-4 g.), dissolved in ether (80 c.c.), was mechanically 
stirred and kept below 5° while a solution of potassium hydroxide (27-6 g.) in water (200 c.c.) was gradually 
added. After a further 15 minutes, the ether layer and additional ether extracts were dried (MgSO,), 
and fractionated. Methyl 2-chloro-n-propylcarbamate (25-5 g.) was obtained as a colourless oil, b. p. 
118—119°/22 mm. (Found : C, 39-9; H, 6-9; Cl, 22-1. C,H,,O,NCl requires C, 39-6; H, 6-6; Cl, 23-4%). 

The following were prepared by methods which were essentially similar to the above: Methyl 
allylcarbamate (from allylamine hydrochloride), colourless oil, b. p. 179-5—183°/748 mm. (Found: C, 
51-6; H, 80; N, 12-6. C,H,O,N requires C, 52-2; H, 7-8; N, 12-2%); methyl 3-chloro-n-propyl- 
carbamate (from 3-chloro-n-propylamine hydrochloride, obtained by the action of thionyl chloride on 
the hydrochloride of 3-hydroxy-n-propylamine prepared by Putochin’s method, Ber., 1926, 59, 625), 
colourless oil, b. p. 131°/20 mm. (Found : N, 9-3. C,H,),0,NCl requires N, 9-2%) ; ethyl 2-chloroethyl- 
carbamate (from 2-chloroethylamine hydrochloride and ethyl chloroformate), colourless oil, b. p. 
117°/19 mm. (Found: C, 39-9; H, 6-8%), previously prepared by Wenker (J. Amer. Chem. Soc., 1936, 
58, 2608) by the action of thionyl chloride on ethyl 2-hydroxyethylcarbamate; methyl 2-(2-chloroethyl- 
thio)ethylcarbamate, CH,Cl-CH,°S-CH,-CH,-NH:‘CO,Me (from the hydrochloride of 2-chloro-2’-amino- 
diethyl sulphide), colourless liquid, b. p. 120—130°/0-1 mm. (Found: N, 7-1. C,H,,O,NCIS requires 
N, 7:1%); NN’-dicarbomethoxy-2 : 2’-diaminodiethyl sulphide (from 2: 2’-diaminodiethyl sulphide; 
Nathan and Bogert, J. Amer. Chem. Soc., 1941, 68, 2361), colourless prisms, m. p. 71—72°, from water 
(Found: N, 12-5. ‘C,H,,0,N,S requires N, 11-9%) (ether extraction was here unnecessary, the crude 
product being collected by filtration); methyl s-trichloro-tert.-butylcarbamate, (CH,Cl),C-NH*CO,Me 
(from s-trichloro-tert.-butylamine hydrochloride; Kleinfeller, Ber., 1929, 62, 1582), colourless plates, 
m. p. 82°, from aqueous alcohol (Found: C, 31-0; H, 4-6; Cl, 45-3. C,H,,O,NCl, requires C, 30-7; H, 4-3; 
Cl, 45-4%), and the corresponding ethyl ester, colourless plates, m. p. 79°, from aqueous alcohol (Found: 
C, 34-2; H, 4:8; N, 5-7; Cl, 41-9. C,H,,0,NCI, requires C, 33-8; H, 4-8; N, 5-6; Cl, 42-9%). 

Methyl 2 : 3-Dichloro-n-propylcarbamate.—A molecular proportion of chlorine in carbon tetrachloride 
solution was gradually added to methyl allylcarbamate below 15°. When the solution was washed with 
water, dried (MgSO,), and fractionated, methyl 2: 3-dichloro-n-propylcarbamate was obtained as an oil, 
b. p. 139—140°/12 mm., which slowly solidified. It then separated from aqueous alcohol in colourless 
needles, m. p. 55—56° (Found: Cl, 37-9. C,;H,O,NCI, requires Cl, 38-2%). The yield was 70% of the 
theoretical. 

Methyl N-Nitroso-2-chloro-n-propylcarbamate, CH,*CHCl-CH,*-N(NO):CO,Me, and Other Nitroso- 
urethanes.—Nitrous fumes, generated by the action of 56% nitric acid on arsenious oxide and freed from 
nitric acid by passage through a spiral condenser surrounded by ice, were passed into a solution of 
methyl 2-chloro-m-propylcarbamate (10 g.) in an equal volume of ether at 0° until the colour became 
blue. Most of the excess of oxides of nitrogen was removed by aspiration with air, more ether was 
added, and the whole shaken twice with ice-cold dilute sodium carbonate solution. After being dried 
(MgSO,), the ether was removed under reduced pressure at 40°, and methyl N-nitroso-2-chloro-n-propyl- 
carbamate (10-4 g.) obtained as a reddish-yellow oil (Found: C, 33-6; H, 5:2; N, 15-9; Cl, 18-9. 
C,H,O,N,Cl requires C, 33-2; H, 5-0; N, 15-5; Cl, 19-7%). 

The following were similarly prepared from the appropriate carbamates as reddish-yellow oils (except 
where otherwise stated) which could not be distilled: Methyl N-nitroso-3-chloro-n-propylcarbamate 
(Found: N, 16-1%); ethyl N-nitroso-2-chloroethylcarbamate (Found: C, 33-8; H, 5:1%); methyl 
N-nitroso-2 : 3-dichloro-n-propylcarbamate (nitrosation proceeded much more slowly in this case, and 
the ethereal solution containing nitrous fumes was left for two days at room temperature before the 
ere was isolated) (Found: C, 28-4; H, 4:0; N, 13-1. C,H,O,N,Cl, requires C, 27-9; H, 3-7; 

, 130%); methyl N-nitroso-2-(2-chloroethylthio)ethylcarbamate, CH,Cl-CH,°S-CH,°CH,*N(NO)-CO,Me 
(Found: N, 12-3. C,H,,0O,N,CIS a N, 124%); NN’-dinitroso-NN’-dicarbomethoxy-2 : 2’- 
diaminodiethyl sulphide, S[CH,-CH,*N(NO)-CO,Me],, small, pale yellow plates, m. p. 104—105°, from 
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alcohol (Found: N, 18-7. C,H,,0,N,S requires N, 19-0%). Methyl allylcarbamate could not be 
made to give a pure specimen of the corresponding nitroso-compound under similar conditions, probably 
owing to reaction with the double link. Methyl and ethyl s-trichloro-tert.-butylcarbamate were 
unreactive and could not be converted into nitroso-compounds with nitrous fumes or nitrosyl chloride 
under various conditions. 

Methyl N-Nitroso-2-bromoethylcarbamate.—An ethereal solution of methyl 2-bromoethylcarbamate 
was prepared from 2-bromoethylamine hydrobromide (Cortese, J. Amer. Chem. Soc., 1936, 58, 191) and 
methyl chloroformate by the general method described above, but an attempt to distil the urethane 
under reduced pressure resulted in elimination of methyl bromide and formation of 2-oxazolidone. 
Conversion into methyl N-nitroso-2-bromoethylcarbamate with nitrous fumes was effected as in analogous 
cases, except that the ether was removed under reduced pressure at room temperature, leaving the 
product as a reddish-yellow oil (Found: N, 12-9. C,H,O,N,Br requires N, 13-3%). 

2-Chloroethylcyanamide, CH,Cl-CH,*-NH-CN.—Potassium hydroxide (25-2 g.) in a very little water 
was gradually added to a vigorously stirred mixture of 2-chloroethylamine hydrochloride (29-3 g.) and a 
solution of cyanogen bromide (26-8 g.) in ether (150 c.c.), the whole being cooled in ice-water. After the 
precipitated potassium salts had been filtered off, the ethereal layer was dried (MgSO,), and fractionated. 
2-Chloroethylcyanamide was collected at 82°/0-1 mm. as a colourless oil (Found: N, 26-7. C,H,N,Cl 
requires N, 26-8%). The yield was about 60% of the theoretical. It could not be converted into an 
N-nitroso-derivative. 

Methyl N-Nitro-2-chloroethylcarbamate.—Methy] 2-chloroethylcarbamate (16 g.) was added dropwise 
to nitric acid (37 c.c., d 1-5) which was mechanically stirred and cooled in ice-water. With continued 
stirring and cooling, the whole was made just alkaline by the gradual addition of concentrated aqueous 
sodium carbonate, and the oily product was extracted with ether. After the extract had been washed 
with water, dried, and filtered, the solvent was removed by aspiration with air under reduced pressure, 
and methyl N-nitro-2-chloroethylcarbamate obtained as a yellow oil (Found: N, 15-4. C,H,O,N,C! 
requires N, 15-3%). This type of compound cannot be distilled without decomposition (van Erp, 
Rec. Trav. chim., 1895, 14, 1). 

2-Imino-oxazolidine.—A solution of 2-chloroethylamine hydrochloride (11-6 g.) and potassium 
cyanate (8-1 g.) in water (20 c.c.) was refluxed for 1} hours, cooled, and treated with alcohol (100 c.c.) to 
precipitate potassium chloride. After filtration, the filtrate was evaporated under reduced pressure and 
the residue dissolved in a small amount of alcohol. When the whole had been again filtered and the 
solution evaporated, the residue was found to contain 16-6% of chloride ion. That the material contained 
a high proportion of 2-imino-oxazolidine hydrochloride was proved by dissolving it (0-5 g.) in hot water 
and adding hot aqueous sodium picrate (1 g.). After recrystallisation from water, the product which 
separated melted at 186—188° (Found: C, 34-6; H, 3-0. Calc. for CHH,O,N,: C, 34:3; H, 2-9%). 
This was obviously identical with the picrate of 2-imino-oxazolidine described by Gabriel (Ber., 1889, 
22, 1139). Evidently 2-chloroethylurea is unstable, a fact which is not surprising in view of the similar 
transformations observed with the corresponding bromo- and iodo-compounds (Gabriel, Joc. cit.; Ber., 
1917, 50, 826; Birckenbach and Linhard, ibid., 1931, 64, 1076). 

1 : 2: 3-Trichloro-2-nitropropane.—When 2-chloro-2-nitro-1 : 3-dihydroxypropane (61 g., prepared 
as described by Schmidt and Wilkendorf, Ber., 1922, 55, 316) was intimately mixed with phosphorus 
pentachloride (170 g.), a vigorous reaction soon set in with evolution of hydrogen chloride. After this 
had subsided, the mixture was refluxed for 3} hours and then slowly poured into warm water (500 c.c.), 
the temperature being kept well below 100°. The 1: 2: 3-trichloro-2-nitropropane was removed in 
steam and extracted from the distillate with ether. When distilled under reduced | gene it was obtained 
as a colourless oil (15 g.), b. p. 78—80°/12 mm. (Found: Cl, 55-3. C,;H,O,NCI, requires Cl, 55-3%). 

1 : 2-Dichloro-1-nitrocyclohexane.—A mixture of 2-chlorocyclohexanone (66-25 g.) and a saturated 
solution of hydroxylamine sulphate (41 g.) was mechanically stirred and cooled while potassium carbonate 
(34-5 g.), dissolved in water (150 c.c.), was gradually added at such a rate that the temperature did not 
exceed 0° (compare Scholl and Matthaiopoulos, Ber., 1896, 29, 1550). The whole was then allowed to 
reach room temperature and stirring was continued for 3 hours. The oxime, which separated as a thick 
syrup, was extracted with ether, and the extract was washed with water and dried. After removal of 
the ether under reduced pressure at 25°, the residue (Found: Cl, 22-6. C,H,,ONCI requires Cl, 24-1%) 
was used without further treatment for the next operation. An attempt to distil a sample under reduced 
pressure resulted in violent decomposition. When chlorine was passed for 2 hours through a solution of 
the oxime (50-3 g.) in concentrated hydrochloric acid (100 c.c.), cooled to 0° (compare Piloty 
and Steinbock, Ber., 1902, 35, 3101), 1 : 2-dichloro-1-nitrosocyclohexane separated as a deep blue oil. 
Owing to the instability of this type of compound, the product was washed with cold water and the main 
ot oxidised without delay, but a specimen was dried (Na,SO,) and analysed (Found: Cl, 38-8. 

gH,ONCI, requires Cl, 39-0%). The nitroso-compound was gradually added, with shaking, to a mixture 
of nitric atid (43 c.c., d 1-42) and glacial acetic acid (105 c.c.) which was maintained at 80° (compare 
Rheinboldt and Dewald, Annalen, 1927, 455, 300). After the whole had been poured into water (750 c.c.), 
the product was extracted with ether and washed with dilute aqueous sodium hydroxide. en the 
extract was dried and fractionated, 1 : 2-dichloro-1-nitrocyclohexane was collected in good yield as a 
age yellow oil, b. p. 130°/35 mm. (Found: C, 37-2; H, 4-5; Cl, 35-3. C,H,O,NCI, requires C, 36-4; 

, 4:5; Cl, 35-9%). This substance, which might consist of geometrically isomeric forms, almost 
completely solidified at room temperature, but became liquid again on being heated to 41°. 

1 : 2-Dichloro-2-nitropropane.—(a) Chlorine was passed through a suspension of the sodium salt 
of 2-nitro-n-propyl alcohol (67 g., Earl, Ellsworth, Jones, and Kenner, /., 1928, 2697) in dry ether 
(300 c.c.), the whole being cooled in ice and mechanically stirred. The course of the reaction was followed 
by stopping the stream of chlorine from time to time and testing the solution with starch—potassium 
iodide paper after a few minutes of continued stirring. When the chlorination was completed, the 
sodium chloride was filtered off and washed with a little ether. After the solvent had been removed 
from the united ethereal solutions, the residue was distilled, and fone apaat r. alcohol 
(60 g.) collected at 82—89°/10 mm. (Found: Cl, 25-6. Calc. for C,H,O,NCI1: Cl, 25-4%). It solidified 
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at room temperature but was liquid again at 27° (compare Henry, Rec. Trav. chim., 1897, 16, 193; also 
Wilkendorf and Trénel, Ber., 1924, 57, 306). When treated with phosphorus pentachloride under 
conditions similar to those described for 1: 2: 3-trichloro-2-nitropropane, the hydroxy-compound 
gave 1 : 2-dichloro-2-nitropropane as a colourless oil, b. p. 76—78°/33 mm. (Found : Cl, 44-3. C,H,O,NCl, 
requires Cl, 44-9%). } ¥ , 
(b) The blue oil which separated when chlorine was passed through a solution of the oxime 
of chloroacetone in concentrated hydrochloric acid, cooled in ice, was immediately oxidised under 
conditions similar to those used for 1 : 2-dichloro-l-nitrosocyclohexane. 1 : 2-Dichloro-2-nitropropane 
was obtained as an almost colourless oil, b. p. 77—78°/34 mm. (Found: C, 22-3; H, 3-2; N, 9-1; Cl, 
44-2. C,H,O,NCI, requires C, 22-8; H, 3-2; N, 8-9; Cl, 449%). The yield was 46% of the theoretical. 


We are indebted to Sir Robert Robinson for his interest in these investigations, and to the Chief 
Scientist, Ministry of Supply, for permission to publish the work.—Dyson PERRINS LABORATORY, 
OxForD University. ([Received, February 20th, 1948.) 





The Condensation of Chloral with Aryl Cyanides. By R. F. Batt and D. Woopcock. 


THE reaction between phenyl cyanide and chloral has been investigated by several workers. Thus Hepp 
and Spiess (Ber., 1876, 9, 1424) obtained a compound, m. p. 257°, from the exothermic reaction which 
took place in the presence of sulphuric acid. Pinner and Klein (Ber., 1878, 11, 10) obtained an impure 
product by using gaseous hydrogen chloride, whilst Béhal and Choay’s product, m. p. 267° (Ann. Chim., 
1892, 26, 33), was prepared from chloralimide and benzoyl chloride. 

During the preparation of D.D.T. analogues by Wain (Ann. Rept. Res. Sta. Long Ashton, 1944, 126) 
attempts to prepare the pp’-dicyano-derivative by the Baeyer condensation (Ber., 1872, 5, 25, 280, 1094) 
with phenyl cyanide led to a product, m. p. 272—273° (decomp.), which decomposed on attempted 
dehydrochiorination with alcoholic potassium hydroxide. It has now been shown that this compound 
is identical with that produced by the earlier workers, and the formula (I; R = H) assigned to it by 


R¢ Sco-NH 


Ph-CO-NH NH-COPh 
Ncx-ccl, H-CCly-CCly CH 
RZ Sco-nH” Ph:CO-NH NH-COPh 
ry (I.) (II.) 


Hepp and Spiess (loc. cit.) has been confirmed by its synthesis from benzamide and chloral. 

Analogous compounds (I; R= Cl and R = Me) have been prepared from p-chlorophenyl cyanide 
and p-tolyl cyanide. 

Reduction of (I; R = H) with zinc dust in alcoholic solution gave a product which probably possesses 
the bimolecular structure (II). 

1: 1: 1-Tvichloro-2 : 2-dibenzamidoethane (I; R = H).—(a) (cf. Wain, loc. cit.). Phenyl cyanide 
(10-2 g.) and freshly distilled chloral (7-4 g. = 0-5 mol.) were stirred during the addition of concentrated 
sulphuric acid (5 c.c.) and oleum (1—2 c.c.). The colour became a deep yellow, and the whole set to a 
vitreous mass which crystallised from a large amount of glacial acetic acid in a mass of felted needles 
(6-9 g.), m. p. 265—266° (decomp.). 

(6) Benzamide (2-4 g.) and chloral (1 c.c. = 0-5 mol.) were heated in an oil-bath at 150—160° for 
3 hours. The solid obtained on cooling crystallised from acetone—benzene (1: 1) in colourless needles 
(2-5 g.), m. p. 264° (decomp.) undepressed by admixture with the product from (a) above or with Wain’s 
= 036%) : C, 51-6; H, 3-5; N, 7:3; Cl, 28-5. Calc. for C,,H,,0,N,Cl,: C, 51-7; H, 3-5; N, 

’ ’ . O/* 

Hydrolysis with 70% sulphuric acid gave benzoic acid, chloral, and ammonia, but no benzamide 
could be obtained by using 2n-acid (cf. Hepp and Spiess, Joc. cit.). 

2:2:3:3-Tetrachloro-1 : 1: 4: 4-tetrabenzamidobutane (I1).—The compound (I; R = H) (2-0 g.) was 
refluxed with ethyl alcohol (30 c.c.), zinc dust (4 g.) and concentrated hydrochloric acid (5 c.c.) for 
0-5 hour, the excess alcohol distilled off, and the residual syrup extracted with chloroform. The extract 
was washed with sodium hydrogen carbonate solution, dried (Na,SO,), and the solvent removed. The 
residue crystallised from eS alcohol in rosettes of tiny prisms (0-9 g.), m. p. 200—201° (decomp.) 
[Found: C, 56-4; H, 4-4; N, 8-5; Cl, 20:3; M (Rast), 622, 645. C,,H,,O,N,Cl, requires C, 57-2; 
H, 3-9; N, 8-3; Cl, 21:1%; M, 672]. The m. p. of this product was undepressed by admixture with a 
substance, m. p. 196—197°, isolated by Wain (unpub.) from the product of a phenyl cyanide—chloral 
condensation which was left for several weeks before being examined. 

1:1: 1-Trichloro-2 : 2-di-p-toluamidoethane (I; R = Me).—-Tolyl cyanide (11-7 g.) and freshly 
distilled chloral (7-3 g. = 0-5 mol.) were warmed together until homogeneous and then stirred during 
the dropwise addition of oleum (2 c.c.). The ensuing exothermic reaction gave a viscous dark brown 
liquid which crystallised from glacial acetic acid in rosettes of prisms (7-9 g.), m. p. 237—238°, raised to 
248° by recrystallisation from the same solvent [Found : C, 53-7; H, 4-4; N, 6-7; Cl, 26-0; M (Rast), 
376, 390. C,,H,,;O,N,Cl, requires C, 54-1; H, 4:3; N, 7-0; Cl, 266%; M, 399-4]. Hydrolysis with 
70% sulphuric acid yielded p-toluic acid as well as chloral and ammonia. 

1: 1: 1-Trichloro-2 : 2-di-p-chlorobenzamidoethane (I; R = Cl).—p-Chlorophenyl cyanide (13-7 g.) 
and chloral (7-3 g. = 0-5 mol.) were treated as in the previous experiment. Crystallisation of the product 
from glacial acetic acid gave rosettes of prisms, m. p. 274—275° (decomp.) [Found : C, 44-0; H, 2-7; 
N, 5-7; Cl, 38-0; M (Rast), 410, 421. C,,H,,O,N,Cl, requires C, 43-6; H, 2-5; N, 6-3; Cl, 403%; 
M, 440-3}. Ammonia, chloral, and p-chlorobenzoic acid were obtained on hydrolysis.—UNIVERSITY OF 
BRISTOL, DEPARTMENT OF AGRICULTURE AND HORTICULTURE, RESEARCH STATION, LONG ASHTON, 
Bristot. [Received, February 27th, 1948.] 
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OBITUARY NOTICE. 


FREDERICK MAURICE ROWE.* 
1891—1946 


' FREDERICK Maurice Rowe, Professor in the Department of Colour Chemistry and Dyeing 
at the University of Leeds, died on December 8th, 1946, at the age of fifty-five. He was born 
on February 11th, 1891, at Stroud in Gloucestershire where his father, H. J. Rowe, was engaged 
in business as a coal merchant and dealer in builders’ materials, under the name of Wood and 
Rowe. From 1901 to 1908 he attended Marling School, Stroud, and always retained for it a 
strong attachment for which there were solid grounds. The school, founded and endowed in 
1887 by Sir Samuel Marling, a prominent figure in the West of England cloth trade in that part 
of Gloucestershire, had attracted the attention of the Worshipful Company of Clothworkers 
by whose efforts a Department of Dyeing had been established at the Yorkshire College, Leeds. 
The Company decided to provide funds for an annual leaving scholarship to help a Marling 
School boy to proceed to Leeds for two years’ technological training in textile dyeing at the 
College. Similar provision was made at Cheltenham Grammar School, and in consequence 
there were unusual opportunities for boys trom Gloucestershire to go north for scientific and 
technical training whilst becoming familiar with another district famous for its woollen industry. 
On his mother’s side Rowe was descended from a family of Huguenots who fled from France 
after the revocation of the Edict of Nantes in 1685 and settled in Gloucestershire to practise 
their craft of woollen manufacture with which some members of the family continued to main- 
tain a connexion. This circumstance and the Cotswold environment may have helped to 
direct Rowe’s choice of a career, but a love for chemistry was awakened in him by one of the 
masters at the school, Bartlett, whose influence in after years he frequently acknowledged with 
gratitude. The first holder of the Clothworkers’ Scholarship for Marling School was R. J. 
Steele, who became a textile chemicals manufacturer in Bradford. A personal friendship 
between Steele’s parents and Rowe’s undoubtedly contributed to the result that in 1905 Rowe 
decided to work for the scholarship which would take him to Leeds, and three years later he 
duly became the sixth Marling Clothworkers’ scholar, although he had at one time been described 
as the laziest boy in the school. It is hard to believe, however, that as a boy Rowe was ever 
consistently lazy, for the boy is father to the man, and the man was possessed of amazing 
industry. At school he distinguished himself at both work and games, and showed the 
personality of a leader by becoming Head Prefect. 

Coming to Leeds as a young man of seventeen, a stranger in a strange place, Rowe at once 
found himself called on to make a major decision. The Yorkshire College had in 1904 become, 
the University of Leeds, and a course had been established in Colour Chemistry and Dyeing, 
leading to a B.Sc. degree with Honours. This course, however, required three years, whilst 
the Marling Scholarship provided for two years only, and the holder had always been expected 
to follow a shorter course of study leading to a Diploma in Dyeing. Rowe’s parents had kept 
him at Marling School at a considerable sacrifice and could not be called on for further help, 
but, nevertheless, he decided that the diploma was not good enough for him and that he must 
take the degree course, gambling on getting his scholarship renewed for a third year. The 
fight was a hard one, but in the end Rowe got his third year and made it secure for every Marling 
boy who subsequently went to Leeds. 

Rowe spent five years at Leeds University where he acquitted himself with distinction, 
graduating with First Class Honours in 1911 and becoming President of the Union, besides 
receiving the Le Blanc medal and the award of a Clothworkers’ Research Scholarship. This 
scholarship enabled him to start work under A. G. Green, then Professor in the Department 
and in the full tide of his researches on dyestuffs. At the end of a year’s research Rowe gained 
his M.Sc. degree and a Clothworkers’ Research Fellowship, but in the following year he decided 
to take an industrial research post with Messrs. Joseph Crosfield & Sons Ltd., the soap manu- 
facturers of Warrington. This excursion into industry proved to be but a brief interlude in 
an academic career, although it had some importance for Rowe in that it provided him with an 
opportunity to spend a short time under Professor Freundlich in Brunswick studying colloid 
chemistry, and also gave him some acquaintance with manufacturing processes and with the 
properties of soap. 

The ferment of war, however, brought Rowe finally back in 1916 to teaching and to dye- 
stuffs. A. G. Green had gone from Leeds to Manchester where he was directing a Dyestuffs 

; Reprinted by permission from Obituary Notices of Fellows of the Royal Society, Vol. 6. 
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Research Laboratory at the College of Technology and at the same time assisting the firm of 
Levinstein Ltd. to extend its range of dye manufacture. Rowe became assistant to Green 
and lecturer in dyestuffs, and, two years later when Green severed his connexion with the 
College, head of the laboratory. During the following eight years Rowe laid the foundations 
of his researches and of his unique knowledge of dyes. In 1926 he was appointed Reader in 
Tinctorial Chemistry and Dyeing in succession to Dr. Edmund Knecht, but the same year 
there came to him the opportunity for which he had waited and hoped almost from the day 
he went to Leeds asaraw schoolboy. The retirement of A. G. Perkin created a vacancy in the 
Department of Colour Chemistry and Dyeing at Leeds, and Rowe had already made for himself 
such a position that he was the obvious choice for the Chair, which he held until his death. 

Rowe’s life pursued a steady, placid course, marked by no violent changes or experiences, 
but occupied to the full with teaching, research, and service. He never seemed to have an 
idle moment. A tall man, of unusually handsome, commanding appearance, he inspired 
respect and confidence. To him his profession was a true vocation, a calling to which his life 
was devoted. Combined with a stern sense of duty and service he had a bull-dog persistence 
which gripped a problem until some sense had been worried out of it. This characteristic may 
have restricted the range of topics on which he concentrated in research, but these, once started, 
were pursued with great determination. Lacking the brilliance of some of his chemical con- 
temporaries, he was second to none in the thoroughness with which his work was planned and 
the care with which it was executed and checked. He always had time for work, and during 
his last illness complained in a letter that he could no longer put in his customary sixteen hours 
a day. One of Rowe’s lovable characteristics was his solicitude for his students. His depart- 
ment at Leeds was comparatively small, with an intake of about ten students each year. Rowe 
made it his business to know them all personally, to invite them to his house, and to learn their 
family and financial circumstances. The department was in fact, under Rowe, almost a family 
affair. He had a specially warm place in his heart for the scholars from Gloucestershire for 
whom he and Mrs. Rowe held a special party each year. He regarded it as his duty to the 
students and to the College to ensure that every one of them eventually found a suitable post, 
and in this he never failed. It was a tribute to his department’s reputation, built up by his 
predecessors and maintained for twenty years by Rowe himself, that the demand for its students 
always exceeded the supply. The students were suited, as Rowe was proud of boasting, not 
only for posts with dyers or dye manufacturers, but for positions having nothing to do with 
colour, where the principal requisite was a sound scientific training. By his constant research 
activities in both pure and applied chemistry Rowe kept the attention of his students fixed 
on the importance of the experimental method and the inquiring mind for the advance of the 
technology for the practice of which they were training. 

Those who knew Rowe’s attitude to science best soon came to recognise that, although he 
was engaged all his life in the teaching and study of a technological subject, pure organic 
chemistry had an irresistible attraction for him and that he turned for preference to organic 
chemistry for research topics. He had a passion for the accumulation of facts and would spare 
no pains to verify them, leaving broad generalisations and theoretical speculations to others. 
Nevertheless, he recognised that the scientific development and appreciation of the technology 
of dyestuffs, their properties and application, could not be accomplished solely by the methods 
of organic chemistry, but required the application of physics and physical chemistry in increas- 
ing measure. In the Department of Textile Industries at Leeds, under the influence of Speak- 
man, an important research school was growing up, and during the last fifteen years of his life 
Rowe joined with Speakman in researches demanding contributions from both the physical 
and the chemical side. During this period Rowe benefited much, on his own admission, from 
close contact with,the Dyestuffs Division of Imperial Chemical Industries Limited, for whom 
he acted as consultant, serving for many years on a technological panel. This association with 
industry brought to his attention several problems which he attacked with his customary zeal. 

Rowe’s first researches were carried out in collaboration with A. G. Green at Leeds, arising 
out of Green’s investigations of the constitution of stilbene dyes. They have been summarised 
by J. Baddiley in his admirable obituary notice of Professor Green and, since Rowe did not 
return to the subject, require no further mention here. On rejoining Green in Manchester he 
started work on the chemistry of tetralin derivatives with the ultimate object of determining 
whether ar-tetrahydro-a-naphthylamine and ayr-tetrahydro-a-naphthol would have any value 
as dyestuff intermediates. Most of this work was done before the appearance in 1922 of 
Schroeter’s comprehensive paper on tetralin. In the course of experiments on the reduction 
of a-naphthylamine by boiling it with sodium in presence of an alcohol, ar-tetrahydro-a- 
naphthylamine was produced only when the alcohol used was amyl, none when butyl or ethyl 
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alcohol was used. Bamberger had made a similar observation when reducing naphthalene 
itself, finding that with ethyl alcohol dihydro-, and with amy] alcohol tetrahydro-naphthalene 
was formed. The prevailing view that temperature was the factor deciding how far reduction 
would proceed was disproved by Rowe by a series of careful experiments. He showed that 
the first reduction product of naphthalene by sodium and an alcohol is 1 : 4-dihydronaphthalene 
(I) which cannot be reduced further by sodium and any alcohol. When, however, this is heated 
with sodium alkoxide it is converted, at a rate increasing with the temperature and with the 
concentration of sodium alkoxide, into the isomeric 1 : 2-dihydronaphthalene (II), which can 
then be reduced further to tetrahydronaphthalene (III). When amyl alcohol is used, con- 
ditions favour the conversion of (I) into (II), and the reaction proceeds to the tetrahydro-stage. 
By an elegant series of experiments the same course was shown to be followed in the reduction 
of a-naphthylamine. The first reduction product was a dihydro-compound which gave (I) 
when the amino-group was removed and, therefore, must be 5 : 8-dihydro-l-naphthylamine. 
By prolonged boiling with sodium ethoxide this was converted into an isomeric compound 
which by elimination of the amino-group gave (II) and hence was either 5 : 6- or 7 : 8-dihydro- 
l-naphthylamine. The last compound, it was shown, could be reduced to 5:6: 7: 8-tetra- 
hydro-l-naphthylamine even by sodium and ethyl alcohol, amyl alcohol not being required 
once the isomerisation had taken place (J. Soc. Chem. Ind., 1920, 89, 241T; Rowe and Levin, 
J., 1920, 117, 1574). Later it was shown that similar considerations applied to the reduction 
of a-naphthol, and the dihydro-a-naphthols obtained by reduction and isomerisation were 
identified by their preparation from the corresponding dihydro-«-naphthylamines (J., 1921, 
119, 2021). With J. S. H. Davies, Rowe made a further study of the bromination and 
oxidation of 5 : 8-dihydro-l-naphthylamine (J., 1922, 121, 1000) and eventually published a 
description of a large number of azo-dyes in which ar-tetrahydro-a-naphthylamine and its 
4-nitro- and 4-sulpho-derivatives had been used as components. Compared with corresponding 
dyes containing a-naphthylamine they were generally less deep in shade and showed no 
technical advantage (J. Soc. Dyers and Col., 1925, 41, 5). 
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Rowe’s most important contribution to chemical science arose out of an inquiry into the 
anomalous behaviour of §-naphthol-l-sulphonic acid with certain types of diazo-compound, 
resulting, as he discovered, in an unusual fission of the naphthalene ring followed by cyclisation 
with formation of heterocyclic ring systems. As early as 1918 he had studied the course of 
the reaction between @-naphthol-l-sulphonic acid and diazotised aromatic amines. The first 
product is a diazonium sulphonate which on treatment with a molecular proportion of sodium 
carbonate undergoes isomerisation to form the sodium salt of a derivative of 8-naphthaquinone 
(IV). This, on treatment with acid, forms a true azo-compound of 8-naphthol, with elimination 
of the sulphonic group. In this way, as Grant Hepburn showed, the well-known Para Red 
could be obtained from $-naphthol-l-sulphonic acid and diazotised p-nitroaniline. Interest 
in the reaction was intensified, however, by an observation by Grant Hepburn, made about 
1921, that when the p-nitrobenzenediazonium §-naphthol-1-sulphonate was treated with excess 
of alkali an intense transient crimson colour appeared, and subsequent acidification produced 
only a trace of Para Red but a high yield of a new homogeneous yellow compound. At Grant 
Hepburn’s request Rowe took up the study of this reaction, which led him into new chemical 
territory, the exploration of which occupied his attention for many years, indeed, until the end 
of his life. 

It was soon established that the new reaction only occurred when the diazonium compound 
used contained a strongly negative substituent, generally a nitro-group. Attention was at 
first concentrated on the compound from p-nitrodiazobenzene, from which many degradation 
products were obtained and analysed by Miss E. Levin, who was Rowe’s able assistant at this 
time, but for long the nature of the chemical changes which were occurring eluded the investi- 
gators. At length, however, one of the degradation products gave by oxidation with chromic 
acid two identifiable products, phthalimide and benzoquinone, and it at once became clear 
that fission of the naphthalene ring had occurred and a new ring system had been set up from 
which eventually had been obtained p-aminophenylphthalimidine, the compound which by 
oxidation had given phthalimide and benzoquinone. From the analyses of the intermediate 
compounds it was not difficult to construct the whole story which was published in 1926 (J., 
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1926, 690). Subsequent work with other diazo-compounds confirmed the original conclusions, 
only a few minor modifications of the formule first suggested for some of the products having 
to be made. 
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The first action of excess of alkali on the quinone sulphonate (IV) is to cause fission of the 
naphthalene ring between C! and C* with formation of a phenylacrylic acid derivative (V), 
which is responsible for the intense colour, but this quickly changes by cyclisation to the 
phthalazine derivative (VI). Compound (V) was at first hypothetical, but some years later the 
corresponding o-nitro-compound was isolated and characterised, being obtained from sodium 
1-(o-nitrobenzeneazo)-f-naphthaquinone-1-sulphonate (Rowe e¢ al., J., 1935, 1796). 

From compound (VI) a bewildering family of new compounds was obtained, only a few of 
which can be noted here. The sulphonic acid group was removed by boiling the compound with 
hydrochloric acid; sulphur dioxide was evolved and the hydroxy-compound (VII) was formed. 
This by boiling with 50% sulphuric acid lost acetic acid to give the phthalazone (VIII) which 
by reduction gave successively the aminophthalazone (IX) and p-aminophenylphthalimidine 
(X). Alternatively (VII) could first be reduced to the aminophenyltetrahydrophthalazine 
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(XI) which on boiling with mineral acid gave (IX). There was at first some doubt about the 
constitution of (VIII) since it might have been the isomeric 3-p-nitrophenylphthalaz-4-one 
(XII) which was, however, synthesised by an unambiguous route and found to be different. 
The phthalazone (VIII) could be methylated to form the methosulphate of a base, probably 
(XIII), which combined with ethyl alcohol to form an unstable compound which changed, 
on being heated, to 4-keto-l1-methoxy-3-p-nitrophenyldihydrophthalazine (XIV), which was 
demethylated to (XV). This reaction was not explained, but the constitution of (XV), which 
is identical with 1 : 4-diketo-3-p-nitrophenyltetrahydrophthalazine, was confirmed by preparing 
it from phthalyl-f-nitrophenylhydrazide (XVI) by the method of Chattaway and Tesh (/., 
1920, 712). Since by alkylation (XV) gives (XIV) and not an N-methyl derivative, it was 
concluded that it is best represented as a hydroxy-ketone, not as a diketone (J., 1935, 1808). 

Another interesting series of compounds was obtained from compound (VII) by oxidation 
with cold chromic acid. With this reagent, instead of loss of acetic acid, decarboxylation 
occurred with formation of the 4-methyl] derivative of (VIII), namely 3-p-nitrophenyl-4-methy]l- 
phthalaz-l-one (XVII), a golden-yellow crystalline substance. This compound proved to be 
of considerable chemical interest. Like the phthalazone (VIII) it could be methylated to a 
methosulphate, but this on basification was transformed into a methylene compound (XVIII). 
Unlike most other known methylene bases, which are non-crystalline and unstable, this was 
stable and crystalline, as were corresponding compounds containing o-Cl, 2: 6-Cl,, 2 : 6-Br,, 
and o-Me as wellas the 4-NO, group. Their basicity is low, and of their salts only the perchlorate 
could be obtained pure, but they had most of the properties of other pseudo-bases. They were 
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studied in much detail, and from them were prepared many methine dyes, some of which 
functioned as photographic desensitisers. The methylene bases are oxidised by nitrous acid 
and by p-nitrosodimethylaniline to ketones of type (XIV). 
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Some interesting new features were discovered when, instead of p-nitrodiazobenzene, other 
diazo-compounds were used. For instance, using o-chloro-p-nitrodiazobenzene, an intermediate 
reduction stage between (IX) and (X) was realised with formation of the ketotetrahydro- 
phthalazone (XIX, R = H or Me) which was difficult to reduce to the phthalimidine. 

When 4-aminoazobenzene was used for diazotising and reacting with 8-naphthol-1-sulphonic 
acid, only a small yield (19%) of the phthalazine compound could be obtained, the principal 
product always being benzeneazobenzeneazo-$-naphthol, but 4’-nitro-4-aminoazobenzene gave a 
much higher yield (63%). The benzeneazophenyl derivative (XX) and its p-nitro-derivative 
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showed remarkable behaviour in that, when boiled with dilute sulphuric acid, they did not lose 
acetic acid, but underwent decarboxylation and simultaneous fission of the azo-group, giving 
(XXI) and aniline or p-nitroaniline. Rowe considered that the splitting of the azo-group was 
primarily a hydrolysis, not a reduction, since the azo-group should not be reduced in preference to 
the nitro-group (J., 1932, 1118). It is significant, however, that in absence of the azo-group an 
equivalent amount of an oxidising agent is necessary to bring about the change, as in the con- 
version of (VII) into (XVII). The observation led Rowe later to examine carefully the behaviour 
of simpler azo-compounds with acids (see p. 2329). 


Experiments in which o-nitroaniline (or its 4-chloro- or 4-methyl derivative) was used 
gave especially interesting results, not pi because, as already mentioned, primary ring-fission 
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products, derivatives of phenylacrylic acid, were isolated, but because alternative cyclisation 
products from these were discovered. The action of concentrated sodium hydroxide solution 
on sodium 1-o-nitrobenzeneazo-f$-naphthaquinone-1l-sulphonategis immediately to split the 
naphthalene ring with formation of sodium benzaldehyde-o-nitrophenylhydrazone-w-sulphonate- 
2-f-acrylic acid (XXII). This cyclises only slowly to the phthalazine derivative, and by quick 
acidification followed by neutralisation with sodium carbonate it can be isolated. This compound 
when boiled with dilute acid is converted with loss of sulphur dioxide into the o-nitropheny]- 
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hydrazide of o-carboxyphenylacrylic acid which is cyclised by heat or boiling sodium carbonate 
solution into a new ring compound, 2-(0-nitrophenylamino)isoindolinone-3-acetic acid (XXIII). 
This again undergoes further cyclisation when boiled with acetic anhydride to (XXIV) which 
‘is, however, readily hydrolysed by acids back to (XXIII). Still another ring-closure was 
achieved by reducing the nitro-group (XXIV), the resulting amino-group condensing with the 
neighbouring carbonyl group. 

There is no need to discuss every paper in the series, which appeared under the title “‘ A 
new reaction of certain diazosulphonates derived from @-naphthol-l-sulphonic acid ’’, but 
reference must be made to a posthumous paper with A. T. Peters in which it is shown that, 
in spite of what was said in the first paper, phthalazine formation can be brought about from 
1-benzeneazo-f-naphthaquinone-1-sulphonate; in other words a strongly negative group in 
the amine used for diazotisation is not necessary, but the reaction must be carried out under 
carefully controlled conditions. 

Although Rowe published in collaboration with his students and staff a number of other 
researches in pure organic chemistry, none had the sustained interest or the novelty of that just 
described. They had the common factor that they concerned substances, aromatic in character, 
of possible interest as dyestuff components, as exemplified by papers on #ert.-butylanthraquinone, 
tert.-butylnaphthalenes, benzoylacenaphthene, and derivatives of tetrachlorobenzene. 

Rowe’s technological work was concentrated for a long period on azo-dyes, particularly 
the group of insoluble colouring matters used as pigments or as dyes when produced on the 
fibre. He developed their analysis and identification to a high degree, and devoted much time 
to the study of their behaviour on the fibre under conditions to which they were likely to be 
subjected in practice. Such dyes, frequently called ‘‘ azoic’’ dyes, are obtained by coupling 
a diazotised aromatic amine with @-naphthol or with the anilide or a substituted anilide of 
2-hydroxy-3-naphthoic acid. Products for the formation of these colouring matters in dyeing 
and printing processes were being brought on to the market under trade names by German 
firms in the years following 1918, and Rowe made it his business to discover all he could about 
them. He rendered service to the industry by publishing the constitutions of many of the 
bases and Naphtols (the generic name for arylamides of 2-hydroxy-3-naphthoic acid), and, to 
assist others to identify the bases, published a table giving the melting point, crystalline form, 
and colour reactions of azo-dyes obtained by coupling the diazotised bases with $-naphthol 
and 2 : 3-hydroxynaphthoanilide (Naphtol AS) (see Rowe and Levin, J. Soc. Dyers and Col., 
1924, 40, 220, and numerous other papers in this journal between 1921 and 1930). Rowe’s 
knowledge in this field fitted him particularly for the task of expert witness in the important 
patent action brought by Imperial Chemical Industries Limited against I.G. Farbenindustrie 
in 1930. The patent action in question was a petition by I.C.I. for the revocation of certain 
patents granted to the I.G. on grounds of priority of publication, common knowledge, and 
insufficiency of description. Ata much earlier date, during 1912—1914, Chem. Fab. Griesheim- . 
Elektron had patented the manufacture and use of a wide range of arylamides of 2 : 3-hydroxy- 
naphthoic acid, for the preparation of azo-dyes as pigments or on the fibre; much later the 
I.G. had obtained the patents now petitioned against, covering certain selected members of 
the same group of compounds, on the grounds that these selected members had peculiar 
advantages in giving specially fast dyes, notably fast to keir boiling. (Keir boiling is a process 
in which cotton goods, frequently already printed with a coloured pattern, are boiled with 
dilute caustic soda solution to bleach the white cotton; the colouring matter should be as 
nearly as possible unaffected.) Rowe’s task in this case was to test experimentally the de- 
fendants’ claim, which he did by preparing some hundreds of samples of cotton dyed with 
colouring matters made from the intermediates claimed in the later patents and comparing 
them with others made from other intermediates not amongst the selected ones, but covered 
by the earlier patents. The Germans had not specified any particular test to justify their 
claims for the selected compounds, and Rowe used a test which had been recommended by a 
German Fastness Commission. Rowe showed such skill in putting his experimental findings 
before the court, and in pointing out the inadequacy of experimental tests put forward in 
evidence by the defendants, that the judge was convinced beyond a shadow of doubt that 
the special claims of the patents in dispute were unwarranted, and they were, in fact, revoked. 
This case is of special importance in regard to future chemical patents since, in the course of 
his judgment, Mr. Justice Maugham defined for the first time the requirements of a valid 
selection patent. 

Characteristically, Rowe was not content with the empirical experiments which the patent 
case had necessitated, but went on to inquire more deeply into the changes taking place with 
dyes which were not fast to the keir-boiling test. He had already published some results 
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having a bearing on the problem, in which he had shown that boiling soap solution causes 
insoluble azo-dyes on cotton to aggregate into coarse, crystalline particles visible under the 
microscope, some of the dye being removed entirely from the fibre. This aggregation produces 
a change not only in the depth of the dyeing, but also in its hue and fastness to light and rubbing, 
besides causing dyed viscose to lose lustre (J. Soc. Dyers and Col., 1926, 42, 207; 1929, 45, 67). 
In the keir-boiling test, which is a prolonged boil with 0°36% aqueous caustic soda, not only 
can this physical transformation occur, but also hydrolysis of an amide group and reduction 
brought about by the cellulose. Reduction may occur at the azo-group, and nitro-groups, if 
present, are usually affected so that no dye containing this group stands up to the keir-boiling 
test. The exact course of these chemical changes is affected by the constitution of the dye, 
especially by the orientation of nitro-groups, and much careful quantitative work was done in 
which decomposition products were isolated and identified (ibid., 1931, 47, 29; Rowe and Ueno, 
ibid., 1931, 47, 35; Rowe and Jowett, ibid., 1931, 47, 163; Rowe and Giles, ibid., 1935, 51, 314). 

Rowe also started an investigation of the decomposition of azo-dyes by hot aqueous sulphuric 
acid, having been led thereto by the curious behaviour of some phthalazine compounds con- 
taining the benzeneazophenyl group as a substituent (see p. 2327). Several types of azo- 
compound were found to undergo fission at the azo-group with regeneration of the amine 
originally used as the diazo-component, but the other fission product could not be identified 
and the mechanism remains obscure. That the reaction is complex is shown by the observation 
that Orange I gives some a-naphthaquinone and Orange II some hydroxy-a-naphthaquinone 
(Rowe and Dangerfield, J. Soc. Dyers and Col., 1936, 52, 48). 

During the later years of his life Rowe became more and more convinced, through his 
industrial contacts, of the importance of investigating technological phenomena and processes 
from the scientific point of view, and that such studies were suitable and proper for the Tech- 
nological Department of a University. He would have proceeding at the same time in his 
laboratories chemical studies of new products made available by industry, such as m-5-xylenol 
or 1: 2:4: 5-tetrachlorobenzene, and technological studies such as that of a new process for 
stripping dyes from a fibre involving the use of a higher aliphatic ammonium compound (Rowe 
and Glyn Owen, J. Soc. Dyers and Col., 1936, 52, 205). He investigated the phenomenon of 
the fading of dyeings of certain dyes on acetate rayon when exposed to burnt gas fumes. The 
dyes affected are aminoanthraquinones and strong evidence was found that the fading is due 
to the presence in the burnt gas fumes of oxides of nitrogen which react chemically with primary 
and secondary amino-groups. 

In 1935 he commenced in conjunction with Speakman a series of researches on the dyeing 
of wool in which the techniques which Speakman had developed for the experimental study 
of keratin fibres, and Rowe’s flair for painstaking chemical work, were happily blended. With 
the help of E. Race they developed a major inquiry into the phenomenon of unlevel dyeing 
of wool. It was known that exposure of wool to light and air affected its dyeing properties, 
this fact being shown, for instance, when a wool hair is found to be dyed more heavily at the 
tip end than at the root end. A consistent explanation of the observed facts was found in the 
assumption that exposure of wool leads to a partial breakdown of the disulphide bonds between 
the protein chains, resulting in changes in both its physical and chemical properties. Exposed 
fibre swells to a greater extent in water than the unexposed and consequently becomes more 
accessible to dye molecules. When the latter are colloidal they are fixed permanently in the 
fibre, and consequently tips of the wool staple are more heavily dyed than the root end; when 
they are crystalloid they first dye the tip more heavily, but can escape more readily from the 
more swollen end in the levelling process and eventually become more concentrated in the roots ; 
consequently, crystalloid dyes colour the roots more heavily than the tips. Chemically, 
exposed fibres or parts of a fibre contain reducing groups, such as aldehyde and sulphhydryl 
groups, which have a reducing action on dichromate; consequently, exposed wool fixes more 
tervalent chromium than unexposed wool, and the shade of an after-chromed dye is affected 
by this difference. These findings were confirmed by a number of ingenious experiments, 
whilst on them were based devices by which the tips and roots could be dyed a level shade. 
Acid dyes can be caused to dye level shades by adjusting the degree of dispersion of the dye 
by suitable additions to the dye bath. Alternatively, if the fibre is treated with chromium 
acetate, the chromium makes new linkages between the peptide chains in place of the disrupted 
disulphide linkages, and the swelling power of the exposed wool is reduced and its dyeing 
properties brought to approximate equality with those of unexposed wool (J. Soc. Dyers and 
Col., 1938, 54, 141, 159). Although this treatment with chromium acetate is carried out in 
presence of acetic acid, the most effective salt to use is a basic acetate in which the molecular 
ratio of acetate to chromium is 2:1, and which has been aged. Many different forms of 
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chromium acetate were investigated, and an analytical method was devised for characterising 
them (J. Soc. Dyers and Col., 1939, 55, 69). 

One of the last pieces of work started by Rowe was an investigation of the process of dyeing 
cotton, especially for heavy military equipment, in khaki colour by means of a mixture of 
chromium and iron oxides. One cannot imagine Rowe undertaking such a piece of inorganic 
research had he not regarded it as part of his contribution to the war effort. The work, carried 
out in association with Speakman and Race, involved a thorough investigation of the properties 
of the so-called iron and chromium chromates and their behaviour with water, of the com- 
position of the pigment formed when a mixture of iron and chromium salts is treated with alkali 
or a chromate, and especially of the effect of the mineral deposit on the strength of the cotton. 
Finally a method was invented for rendering the cloth immune to fungus attack by causing 
some copper carbonate to be precipitated along with the khaki pigment. The results of this 
work have been published (J. Soc. Dyers and Col., 1941, 57, 213, 257; 1942, 58, 32, 161; 1945, 
61, 224, 233, 310; 1046, 62, 9, 19). 

Apart from his scientific papers Rowe’s literary output was not great. He translated Rein- 
thaler’s ‘‘ Die Kunstseide und andere seidenglanzende Fasern ’’ under the title “‘ Artificial Silk ’’. 
Amongst several reviews of the different aspects of dye chemistry his most useful contribution was 
‘“‘ The development of the chemistry of synthetic dyes, 1856—1938 ’’, presented in the form of 
lectures to the Institute of Chemistry and published by that body. It forms a very useful com- 
pact text-book of the chemistry of dyes. His Perkin centenary lecture (‘‘ The Life and Work of 
Sir William Henry Perkin ’’) and obituary notice of Arthur George Perkin, both for the Society of 
Dyers and Colourists, are sympathetic accounts of father and son both famous in dyestuff history. 

During all his working life Rowe was closely associated with the Society of Dyers and 
Colourists, of which he became a member in 1917. Of his many services to the Society the 
most important was undoubtedly the editorship and production in 1924 of the ‘‘ Colour Index ” 
and the Supplement thereto in 1928. Before the publication of this work, those concerned 
with commercial dyestuffs had to rely for collected information on the German work, Schulz’s 
‘ Farbstofftabellen ’’. A book of reference in English was badly needed, apart from the fact 
that the changes in the dyestuff industry resulting from the war of 1914—1918, and the rapid 
expansion of the range of dyestuffs had put Schulz entirely out of date. The collection and 
verification of the mass of data included in the ‘‘ Colour Index ”’ was an amazing feat of industry 
and patience; as an example of the care he took, he personally checked every patent reference. 
Rowe served on the Publication Committee of the Society from 1922 to 1946, and was joint 
editor of its Journal from 1933 to 1942, and editor from 1942 until his death. Rowe’s tem- 
perament was particularly fitted for editorial work; indeed his colleagues well knew that his 
first reaction to any report or document was more likely to be that of the critical editor than the 
scientist. He maintained the standard of the Journal at a very high level, and his production 
of the special Jubilee number in 1934 was particularly successful. He served on the Council 
of the Society from 1924 to 1929, in which year he became a Vice-President, and in 1944 the 
Society paid him the honour of making him an Honorary Member. He joined the Chemical 
Society in 1918 and served on its Council from 1931 to 1934. He became a Fellow of the 
Institute of Chemistry in 1921, the same year in which the University of Leeds granted him 
the degree of D.Sc. Besides receiving four times the award of the Dyers’ Company’s Medal 
for the best paper of the year in the Journal of the Society of Dyers and Colourists, he was pre- 
sented with the Society’s Gold Medal in 1934 for his services. In 1932 he became a Liveryman 
of the Worshipful Company of Dyers, and in 1944 received the honorary Freedom and Livery 
of the Worshipful Company of Clothworkers. 

His election to the Fellowship of the Royal Society in 1945 gave him the greatest satisfaction, 
especially so because his life was already overclouded by illness which was restricting his activity. 
He did indeed manage to go to London to be admitted to the Royal Society in May 1945, the 
last considerable journey he made. For the last three years of his life Rowe put up a truly 
heroic struggle against an affection of the kidneys involving growing disability, intense physical 
discomfort, and susceptibility to all kinds of minor ailments. His health had probably suffered 
because, out of an intense spirit of patriotism, he had in 1940 taken a commission in the Home 
Guard, thereby involving himself in night military exercises in addition to his already heavy 
daily duties. He refused to give in and undoubtedly prolonged his own life by applying his 
scientific knowledge to the treatment of his condition. Almost to the last he worked to write 
up an account of his researches whilst time remained. He loved life for what he could give 
to it, not for what he could take, and when he could no longer give he laid it down. 

He married, in 1916, Mary Nield Cockburn, youngest daughter of Sir George and Lady 
Cockburn of Leeds, who survives him. E. H. Ropp. 
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The method for the titrimetric 
determination of water suggested by Karl Fischer (Agnew. Chem., 
1935, 48, 394) is widely applicable and T. G. Bonner (Analyst, 
1946, 71, 483) has evolved a procedure which obviates most of 
the difficulties previously associated with it. Karl Fischer Reagent 
can now be supplied in the form of two separate solutions, equal 
volumes of which are mixed to give the actual reagent, while the 
solution of water in methyl alcohol-dioxan mixture and the 
specially dried dioxan are also available. An illustrated pamphlet 
describing this modification will be supplied on request. 


KARL FISCHER REAGENT Solution No. 1 (iodine in methyl alcohol) in 
500 ml. bottles, 17/6 
Solution No. 2 (sulphur dioxide in pyridine) 
in 500 ml. bottles, 27/6 


WATER SOLUTION (approximately 5 mg. per ml.) in 1 litre 
. bottles, 25/- 
DIOXAN, DRY in 250 mil. bottles 9/-. Containers extra 
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ADDITIONS TO THE LIBRARY OF THE CHEMICAL SOCIETY 
DURING THE YEAR 1948. * 


ABEGG, R.:, and HERz, W. Chemisches Praktikum ; 
experimentelle Einfiihrung in praparative und ana- 
lytische Arbeiten auf physikalisch-chemischer Grund- 
lage. Gottingen 1900. pp. 114. 

ABREU, B. E. See ANDERSON, H. H. 

Acta CHEMICA ScANDINAVICA. Vol. I, etc. Copen- 
hagen. 1947+. (Reference.) 

AcTA CRYSTALLOGRAPHICA. 
UNION OF CRYSTALLOGRAPHY. 

Apams, R. R. See Loria, C. H. 


See INTERNATIONAL 


AGRICULTURAL CHEMICALS. Vol. I, etc. New 
York 1946 +. (Reference.) 
ALBAREDA HERRERA, J. M. El suelo: estudio 


fisico-quimico y biolégico de su formacién y constitu- 
cién. Madrid 1940. pp. xv + 470. 

Origen y formacién del humus. (Monografias 
de Ciencia Moderna, No. 4.) [Madrid] 1945. pp. 92. 
ill. 

ALEIXANDRE, V. Compendio de quimica general. 
3rd edition. Madrid 1947. pp. xi + 462. ill. 

ALFREY, T. See HiGH PotyMeErRs. VOL. VI. 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 
ScreNcE. Approaches to tumor chemotherapy. 
Edited by F. R. Moutton. Washington 1947. pp. 
[x] + 442. ill. 

AMERICAN PuysicaL Society. Division of Electron 
Optics. Preparation and characteristics of solid 
luminescent materials. Symposium held at Cornell 
University, October 24—26, 1946. [Edited by G. R. 
Fonpa and F. Seitz.) New York 1948. pp. xv + 
459. ill. 

AMERICAN SOCIETY FOR TESTING MATERIALS. 
Symposium on pH measurement. Philadelphia 1947. 
pp.v+ 79. ill. (Reference.) 





AMERICAN SOCIETY OF BREWING CHEMISTS. Pro- 
ceedings. Annual Meetings, 1946—47. Sawyer, Wis. 
1946—47. pp. [viii] + 152, [viii] + 147. ill. (Refer. 


ence.) 

ANDERSON, C. L. See WASHINGTON, UNIVERSITY 
oF. Publications in Fisheries. 

AnpErRsoN, H. H., Murayama, F., and* ABREU, 
B. E. Pharmacology and experimental therapeutics ; 
a survey for 1941—46. Berkeley 1947. pp. viii + 
368. 

ANDRADE, E. N. pa C. The atom and its energy. 
London 1947. pp. [xii] + 196. ill. 

—— Viscosity and plasticity; being the substance 
of three post-graduate lectures to the Oil and Colour 
Chemists’ Association. Cambridge 1947. pp. 82. 
ill. 

ANGELL. F.G. See Bay Ley, T. 

ANNUAL REVIEW OF MicroBIOLOGY. Vol. I, etc. 
Stanford 1947 +. (Reference.) 

AnscHttz, L. See RIcHTER, VICTOR VON. 

Anscutt1z, R. See RIicHTER, VICTOR VON. 

AsHMOoRE, S. A. See MINISTRY OF SUPPLY. 
Chemical Research and Development Establishment. 


ASSOCIATION OF BRITISH CHEMICAL MANUFAC- 


TURERS. Safety rules for use in chemical works. 
Part I. Model rules. 3rd edition. London 1947. 
pp. 69. (Reference.) 


ASSOCIATION OF NEW YORK STATE CANNERS. 
OxuI0 CANNERS’ ASSOCIATION. 

Aston, F. W. The structural units of the material 
universe. (7th Earl Grey Memorial Lecture.) Lon- 
don 1925. pp. 23. ill. 

Austin, R. G. Aids to qualitative inorganic ana- 
lysis. 2nd edition. London 1947. pp. xii + 207. 
ill. 

AUSTRALIA, COMMONWEALTH OF. Department of 
Munitions. Munitions Supply Laboratories. Inform 
ation Circular No. 8. Silica aerogels. By A. A. 
ROSENBLUM. Maribyrnong 1947. pp. 14. 

Avery, G. S., and Jonnson, E. B. Hormones and 
horticulture. The use of special chemicals in the con- 
trol of plant growth. New York 1947. pp. xi + 326. 
ill 


See 


BaiLey, A. E. [Editor.] Cottonseed and cotton- 
seed products : their chemistry and technology. New 
York 1948. pp. xxiii + 936. ill. 

BaiLey,M.I. A study of the gelation of frozen egg 
magma. New York 1932. pp. 33. ill. 

Batcu, R. T. See SUGAR RESEARCH FOUNDATION, 
Inc. Technological Report Series, No. 3. 

BarcEL6-MatTuTano, J. R. Introduccién a la 
espectroquimica: con indicacién de otros métodos 
épticos de interes en la quimica analitica. Barcelona 
1946. pp. 156. ill. 

Barron, H. Modern rubber chemistry. 
edition. London 1947. pp. viii + 502. ill. 

Bary, P. Les origines de la chimie colloidale. A. 
Baudrimont (1806—1880). Paris [1928]. pp. 78. 
ill. 

Bassett, H. See Ewens, R. V. G. 

Basu, K. P. Studies on protein, fat and mineral 
metabolism in Indians. (Special Report, Indian 
Research Fund Association, No. 15.) Cawnpore 1946. 
pp. ii + 64. 

Baver, M. Lehrbuch der Mineralogie. 
1886. pp. xi + 562. ill. 

Bawn, C. E. H. The chemistry of high polymers. 
London 1948. pp. x + 249. ill. 

Baytey, T. A pocket book for chemists, [etc.]. 
10th edition. Edited by F. G. ANGcELt. London 
1948. pp. xv + 508. (Reference.) 

BrecHierR, H. See WEBER, H. 

Bett, D. J. Introduction to carbohydrate bio- 
chemistry. 2nd edition. London 1948. pp. viii + 
107. 

Bett, [Str Witt1aM James]. Sale of food and 
drugs. 12thedition. By R.A. Ropinson. London 
1947. pp. xlviii + 529 + 71. 

BENDER,C.B. See SuGAR RESEARCH FOUNDATION, 
Inc. Technological Report Series, No. 4. 


2nd 


Berlin 








BENGAL. Directorate of Industries. Bulletin No. 
129. An improved method of making sugar-candy 
(with special reference to palm-candy or Tal-Misri). 
By H. Buattacuaryya. Alipore 1947. pp. 30. ill. 

BENNETT, H. Practical emulsions. 2nd edition. 
Brooklyn 1947. pp. xvi + 568. *(Reference.) 

BERGMANN, E. D. Isomerism and isomerisation of 
organic compounds. New York 1948. pp. xi + 138. 

BERNHEIM, F. The interaction of drugs and cell 
catalysts. [2nd edition.] Minneapolis 1946. pp. 
iv + 107. 

Berry, A. J. Modern chemistry : some sketches of 
its historical development. Cambridge 1946. pp. 
x + 240. 

—— Qualitative inorganic analysis. 2nd edition. 
Cambridge 1948. pp. viii + 155. 


BetHeE, H. A. Elementary nuclear theory. New 
York 1947. pp. vi + 147. 
BHATTACHARYYA, H. See BENGAL. Directorate of 


Industries. 

BicELow, W. D. See NATIONAL CANNERS’ Asso- 
CIATION. Research Laboratory. 

BIKERMAN, J. J. Surface chemistry for industrial 
research. New York 1948. pp. ix + 464. ill. 

BINKLEY, W. W. See SUGAR RESEARCH FOUNDA- 
TIon, INc. Scientific Report Series, No. 10. 

BioLocicaAL Symposia. Vol. XII. Edited by 
W. J. Dann and G. H. SATTERFIELD. Estimation of 
the vitamins. Lancaster, Pa. 1947. pp. [x] + 531. 
ill. 

Bratt, A. H. See Conant, J. B. 

B6ckMANN, F. DasCelluloid. 3rd edition. 
[1906]. pp. viii + 132. ill. 

Bootu, A. D. Fourier technique in X-ray organic 
structure analysis. Cambridge 1948. pp. viii + 106. 
ill. 

Boyp, W.C. Fundamentals of immunology. 2nd 
edition. New York 1947. pp. xvi + 503. ill. 

Brepic, G. Uber die Chemie der extremen Tem- 
peraturen. Leipzig 1901. pp. 32. 

British CHEMICAL DicEst. Vol. I, etc. 
ham 1946 +. (Reference.) 

BRITISH INTERNATIONAL PLASTICS ANNUAL, 1947. 
London 1947. pp. 183. ill. (Reference.) 

BriTISsH LEATHER MANUFACTURERS’ RESEARCH 
ASSOCIATION. Progress in leather science, 1920—45. 
Issued in commemoration of the twenty-fifth anni- 
versary of the formation of the British Leather Manu- 
facturers’ Research Association. 3 vols. London 
1946—48. pp. viii + 220; xi + 221—485; xii + 
486—705. ill. 

BritTisH NoN-FERROUS METALS RESEARCH ASSO- 
CIATION. Research Reports. R.R.A. 635. Metallo- 
graphy of some aluminium alloys. By M. D. Situ. 
London 1943. pp. 12. ill. 

British OxyGEN Co., Ltp. Oxygen: its poten- 


Wien 


Becken- 


tialities in iron and steel production. London 1948. 
pp. v + 52. ill. 

BRITISH PHARMACOPGIA 1948. London 1948. pp. 
xl + 914. (Reference.) 

BrITISH PLastTics YEARBOOK, 1948. London 1948. 
pp. 479. ill. (Reference.) 

BritisH RUBBER DEVELOPMENT BoarRD. Rubber 
Developments. Vol. I, etc. 1947+. (Reference.) 


Brocuiz, L. pE. Licht und Materie.. 6th edition. 
(Ergebnisse der neuen Physik.) Hamburg 1944. pp. 


329. 
Brown, H. [and others]. Aluminum and _ its 
applications. New York 1948. pp. xiii + 338. ill 


Brown, S. P. Air conditioning and elements of 


refrigeration. New York 1947. pp. ix + 644. ill. 
Brown, W. J. Fabric reinforced plastics. London 
1947. pp. 148. ill. 


BruGes, E. A. See GEYER, E. W. 

BrusseEt, H. Contribution a l’étude du carbone et 
des charbons mineraux. Paris 1948. pp. [viii] + 89. 
ill. 

BucHAN, S. Rubber to metal bonding. London 
1948. pp. xiv + 239. ill. 

BupcGEN, N. F. Aluminium and its alloys. 
edition. London 1947. pp. ix + 369. ill. 

Bu.iens, D. K., and others. Steel and its heat 
treatment. 5th edition. Vols. I & II. New York 
1948. pp. xxxii + 489, xxiv + 293. ill. 

Burrorp, W. B. See Fowter, R. D. 

Burk, R. E., and Grummitt, O. Chemical archi- 
tecture. (Frontiers in Chemistry, Vol. V.) New 
York 1948. pp. [xiv] + 202. ill. 

Buscarons UBEDA, F. Analisis inorganico cuali- 


2nd 


tativo sistematico. 2nd edition. Barcelona 1944. 
pp. 147. 

Buttrey, D.N. Cellulose plastics. London 1947. 
pp. 127. ill. 


CALLAHAN, L. I. Russian-English technical and 
chemical dictionary. New York 1947. pp. xvii + 
794. (Reference.) 

CaMERON, A. T. See SUGAR RESEARCH FouNDa- 
TION, Inc. Scientific Report Series, No. 9. 

CANADA, DoMINION OF. Department of Agriculture. 
Bulletin No. 90—N.S. Dehydration of fruits and 
vegetables in Canada; a summary of four years work. 
Ottawa 1927. pp. 29. ill. 

Honorary Advisory Council for Scientific and 
Industrial Research. Report No. 11. The red dis- 
colouration of cured codfish. By F.C. Harrison and 
M: E. KENNEDY. Ottawa 1922. pp. 18. 

Report No. 12. The discolouration, 
smut, or blackening of canned lobster. By F. C. 
Harrison and E. G. Hoop. Ottawa 1923. pp. 40. 
ill. 











National Research Council. Report No. 19. 
The bacteriology of certain sea fish. By F.C. Harri- 
son, H. M. Perry, and P. W. P. SmitH. Ottawa 


1926. pp. 48. 
CARNAUD, J. J., and ForGEs DE BassE-INDRE. 
Laboratoire de Recherches. Bulletin No. 8. Méthodes 


actuelles de l'industrie des conserves de tomates aux 
Etats-Unis. Paris 1948. pp. viii + 95. ill. 
CarsLaw, H. S., and JAEGER, J.C. Conduction of 
heat in solids. Oxford 1947. pp. viii + 386. ill. 
CasaREs Git, J. Tratado de andlisis quimico. 4th 
edition. Vol. II. Madrid 1935. pp. xv + 973. ill. 
CASTNER-KELLNER ALKALI Co. Fifty years of 
progress, 1895—1945. [1947.] pp. [vi] + 65. ill. 
CEMENT AND CONCRETE AssocriaTIon. Library 
Information Bulletin. Publications on cement and 
concrete in London libraries. London 1947. pp. 79. 
(Reference.) [In typescript.] 











CEYLON. 
1947. 
CHATFIELD, H. W. Varnish constituents. 2nd 


Rubber Commission. Report. Colombo 
pp. 137. ill. 


edition. London 1947. pp. xx + 592. ill. 

CHEMICAL Corps AssociaTION. ‘The chemical war- 
fare service in World War II: a report of accomplish- 
ments. Washington 1948. pp. 222. ill. 

CHEMICAL INSTITUTE OF CANADA. Proceedings of 
the Conference on Nuclear Chemistry at McMaster 
University, Hamilton, Canada, May 15, 16 and 17, 
1947. Parts I and II. Ottawa 1947. pp. xii + 
119, viii + 120—228. ill. (Two copies.) 

—— The professions of chemistry and chemical 
engineering in Canada. By L. H. Cracc. [Ottawa] 
1948. pp. iv + 33. 

CHEMICAL PROGRESS. Handbook of an Exhibition 
held at the Science Museum, July to September, 1947, 
by the CHEMICAL SocIETY and the DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH as part of the 
Centenary Celebrations of the Chemical Society. 
London 1947. pp. [iv] + 80. (Two copies.) 

CHEMICAL SociETy. See CHEMICAL PROGRESS. 

CuEronIs, N. D., and ENTRIKIN, J. B. Semimicro- 
qualitative organic analysis. New York 1947. pp. 
xiv + 498. ill. 

Cuovin, P. See Movureu, C. 

Cuymia. Annual studies in the history of chem- 
istry. Editor-in-chief: T. L. Davis. Vol. I. Phila- 
delphia 1948. pp. xiv +190. ill. (Reference.) 

CLrarRK, E. D. See WASHINGTON, UNIVERSITY OF. 
Publications in Fisheries. 

Craus, C. Fragment einer Monographie des 
Platin’s und der Platinmetalle, 1865—83. St. Peters- 
burg 1883. pp. v + 62. [Photostat copy.] (Refer- 
ence.) $ 

CLoucH, R.W. See WASHINGTON, UNIVERSITY OF. 
Publications in Fisheries. 

CouEN, J. B. Organic chemistry for advanced 
students. 3rd edition. 3 vols. London 1921. pp. 
viii + 366; viii + 435; viii + 378. ill. 

Corp SPRING Harsor. Biological Laboratory. 
Symposia on quantitative biology. Vol. XI. Here- 
dity and variation in micro-organisms. New York 
1946. pp. xii+ 314. ill. (Reference.) 
—— Symposia on quantitative 
Vol. XII. Nucleic acids and nucleo-proteins. 
York 1946. pp. xii + 279. ill. (Reference.) 

CoMENGE, M. Analisis de alimentos. 2nd edition. 
Madrid 1936. pp. xvi + 648. ill. 

—— La vid y los vinos espafioles. Madrid 1942. 
pp. [viii] + 237. ill. 

Conant, J. B., and Bratt, A. H. The chemistry 
of organic compounds; a year’s course in organic 
chemistry. 3rd edition. New York 1947. pp. 
ix + 665. ill. 

CONFERENCE ON BIOLOGICAL ANTIOXIDANTS, IsT. 
Transactions. Edited by C. G. MacKENzIE. Spon- 
sored by the JostaH Macy, Jr. FounDATION. New 
York [1947]. pp. [vi] + 81. (Reference.) 

Cooke, E. I. See GARDNER, W. 

Corrigz, F. E. Some elements of plants and ani- 
mals. London 1948. pp. x + 120. 

CossteTT, V. E. The electron microscope. Lon- 
don 1947. pp. viii + 128. ill. 

* 





New 


biology. 


CottrREtLt, A. H. Theoretical structural metal- 
lurgy. London 1948. pp. viii + 256. ill. 

CowarpD, K. H. The biological standardisation of 
the vitamins. 2ndedition. London 1947. pp. vii + 
224. ill. 

Cracc, L. H. See CuHemicat INSTITUTE OF 
CANADA. 

Cruess, W. V. Commercial fruit and vegetable 
products. 3rd edition. New York 1948. pp. x + 
906. ill. 

CUMANN CEIMICIDHE NA HEIREANN. Irisleabhar. 
Irish Chemical Association Journal, 1946—47, etc. 
Dublin 1947 +. 

Date, Str Henry. See Rovat INSTITUTE OF 
CHEMISTRY OF GREAT BRITAIN AND IRELAND. 

DALLAVALLE, J. M. Micromeritics; the tech- 
nology of fine particles. 2nd edition. New York 
1948. pp. xxviii + 555. ill. 

Dann, W. J. See BroLtocicat Symposia. 
XII. 

DarRKEN, M. F. See RICHTER, VICTOR VON. 

Davis, R. H. Breathing in irrespirable atmo- 
spheres and, in some cases, under water. London 
[1947]. pp. xi + 386. ill. 

Davis, T. L. See Cuymtia. 

Davison, W. H. T. See Royat INsTITUTE oF 
CHEMISTRY OF GREAT BRITAIN AND IRELAND. 

DEPARTMENT OF SCIENTIFIC & INDUSTRIAL RE- 
SEARCH. Building Research Station. Note No. A 10, 
etc. Watford 1947+. (Reference.) 

—— National Physical Laboratory. The inclusion 
of equivalent metric values in scientific papers. Lon- 
don 1945. pp. 15. ill. (Two copies.) 

—— Road Research Laboratory. Road note No. 2, 
etc. London 1947 +. (Reference.) 

See CHEMICAL PROGRESS. 

DeETHIER, V. G. Chemical insect attractants and 
repellents. London 1947. pp. xv + 289. ill. 

Diext, H. Electrochemical analysis with graded 
cathode potential control. Columbus 1948. pp. 
vii + 56. ill. 

DopceE, F. W. See Houcen, O. A. 

DouTHWAITE, A. H. See HALE-WuitTeE, W. 

Druce, J. G. F. Rhenium, dvi-manganese, the 
element of atomic number 75. Cambridge 1948. pp. 
viii + 92. 

DRUMMOND, SIR JAcK. See Roya INSTITUTE OF 
CHEMISTRY OF GREAT BRITAIN AND IRELAND. 

DvUJARDIN, J. See Ruau, L. 

DuNSHEATH, P. See INDUSTRIAL RESEARCH, 

Dustin, P., JuN. See E1cst1, O. J. 

Eastman, E. D., and RoLiterson, G. K. Physical 
chemistry. New York 1947. pp. viii + 504. ill. 

Eastwoop, T. See Extis, C. 

E1est1, O. J. Colchicine bibliography. 
supplement by P. DusTIN, JUN. 
1947, 10.) 

Erers, H., Saat, R. N. J., and WAARDEN, M. vAN 
DER. Chemical and physical investigations on dairy 
products. (Monographs on the Progress of Research 
in Holland during the war.) Amsterdam 1947. pp. 
xiii + 215. ill. 

ErnstTetn, A., and INFELD, L. The evolution of 
physics. London 1938. pp. x + 319. ill. 


Vol. 





With a 
(From Lloydia, 














ELECTROCHEMICAL Society. Journal. Vol. 93, 





etc. Baltimore 1948 +. 

The corrosion handbook. Edited by H. H. 
Uniic. New York 1948. pp. xxxiili + 1188. 
ill 


ELECTRODEPOSITORS’ TECHNICAL SOCIETY. Pro- 
ceedings of the 3rd International Conference on 
electrodeposition, 1947. London 1948. pp. [ii] + 
219. ill. 

Exits, C., and SwanEey, M. W. Soilless growth of 
plants. 2nd edition. Revised and enlarged by T. 
Eastwoop. New York 1947. pp. x + 277. ill. 

Etuis, L. See MINistry oF Suppry. Chemical 
Research and Development Establishment. 

ELSEVIER’S ENCYCLOPZADIA OF ORGANIC CHEMISTRY. 
Edited by E. JoszepHy and F. Rapt. Series III. 
Carboisocyclic condensed compounds. Vols. 12a, 13, 
14. New York 1948, 1946, 1940. pp. xxviii + 1262; 
xx + 1265; xx +711. (Reference.) 

ENTRIKIN, J. B. See CuHERonts, N. D. 

EpuraimM, F. Inorganic chemistry. 5th edition. 
By P. C. L. THORNE and E. R. RoBerts. London 
1948. pp. xii + 939. ill. 

Evans, T.H. See SuGAR RESEARCH FOUNDATION, 
Inc. Scientific Report Series, No. 6. 

Evans, U. R. An introduction to metallic cor- 


rosion. London 1948. pp. xxxvi+ 211. ill. 
Ewens, R. V. G., and Bassett, H. Inorganic 
chemical nomenclature. 1948. pp. 19. [Unpub- 


lished typescript. ] 

FaHRIon, W. Die Fabrikation der Margarine, des 
Glyzerins und Stearins. Berlin 1920. pp. 135. 

Farapay, M. See Martin, T. 

Farapay Society. Discussions. 
London 1947 +. 

FEIGL, F. Qualitative analysis by spot tests: in- 
organic and organic applications. 3rd English 
edition, translated by R. E. Orsper. New York 
[1946]. pp. xvi + 574. ill. 

Feviers, C. R. See WASHINGTON, UNIVERSITY OF. 
Publications in Fisheries. 

FrerGcuson, A. See PHILOSOPHICAL MAGAZINE. 

FERNANDEZ-LADREDA, J. M. See MAartTINEZz 
Vivas, J. 

Fiat REVIEW oF GERMAN SCIENCE, 1939—1946. 
Bacteriology and immunology. By H. ScumMiprt. 
Wiesbaden 1947. pp. [xii] + 155. (Two copies.) 
General metallurgy. By M. Hansen [and 

Wiesbaden 1948. pp. [viii] + 295. (Two 


No. 1, ete. 





others]. 
copies.) 





Non-ferrous metallurgy. PartsIandII. By 
M. Hansen [and others]. Wiesbaden 1948. pp. 
[viii] + 207; pp. [iv] + 171. (Two copies.) 

—— Physics of solids. Part I. By G. Joos [and 
others]. Wiesbaden 1947. pp. [xvi] + 228. ill. 
(Two copies.) 

FIELD, J. W. See MAtayan UNION. 
Advisory Board. 

Finptay, A. Chemistry in the service of man. 
7th edition. London 1947. pp. xx + 390. ill. 

FiscHER, E. Exercises in the preparation of 
organic compounds, Translated from the 4th German 
edition by A. K1iinc. Glasgow 1896. pp. viii + 80. 
ill. 


Malaria 


FITZGERALD, F. F. See NATIONAL CANNERS’ Asso- 
CIATION. ; Research Laboratory. 

FiaccG, J. F. Organic reagents used in gravimetric 
and volumetric analysis. (Chemical Analysis, Vol. 
4.) New York 1948. 

Fottett, D. H. The electron jubilee exhibition. 
London 1947. pp. 48. ill. 

Fonpa, G. R. See AMERICAN PHYSICAL SOCIETY. 
Division of Electron Optics. 

Foop TEcHNOLOGY. Vol. I, 
1947 +. (Reference.) 

FORGES DE BASssE-INDRE. See CARNAUD, J. J. 

Fow.er, R. D., and Burrorp, W. B. Fluoro- 
carbons. Washington [1947]. pp. [xii] + 147. ill. 
(Reference.) 

FREEMAN, J. A. See MINISTRY OF Foon. 

FuLtTon, J. F., and THomson, E. H. Benjamin 
Silliman, 1779—1864. Pathfinder in American 
science. New York 1947. pp. ix + 294. ill. 

Furnas, C, C. See INDUSTRIAL RESEARCH INsTI- 
TUTE, INC. 

Fuson, R.C. See SHRINER, R. L. 

Gate, E. F. The chemical activities of bacteria. 
London 1947. pp. [v] + 199. ill. 

GatvAo, P. E. Sobre a aplicacéo intraespecifica 
da lei da superficie nas regides tropicais. Sado Paulo 
1942. pp. 41. 

GALVEz Moraes, N. Curso de quimica para 
bidlogos. Madrid 1946. pp. 670. ill. 

GAMBLE, J. L. Chemical anatomy, physiology and 
pathology of extracellular fluid. A lecture syllabus. 
5th edition. Cambridge, Mass. 1947. pp. [160]. ill. 
(Reference.) 

GARDNER, W. Chemical synonyms and trade 
names. A dictionary and commercial -handbook. 
5th edition, revised and enlarged by E. I. Cooke. 
Kingston Hill 1948. pp. [viii] + 558. (Reference.) 

GARNER, C.S. See Yost, D. M. 

GARNER, W. W. The production of tobacco. 
Philadelphia 1946. pp. xiii + 516. ill. 

GauGER, A. W. Physical chemistry and the 
technology offuels. (21st Annual Priestley Lectures.) 
Pennsylvania 1947. pp. vii+ 114. ill. 

Gaypon, A. G. Dissociation energies and spectra 
of diatomic molecules. London 1947. pp. xi + 239. 
ill. 


etc. Champaign 





Spectroscopy and combustion theory. 2nd 
edition. London 1948. pp. xii + 242. ill. 

GEDDES, A. St.-Ciatr. The advertising of chemi- 
cals and allied products. London 1947. pp. xi + 
232. ill. 
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PHILOSOPHICAL MAGAZINE. Natural philosophy 
through the 18th century and allied topics. Edited 
by A. Fercuson. Commemoration number to mark 
the 150th anniversary of the foundation of the 
magazine. London 1948. pp. ix + 164. ill. 

PipForD, J. H. See RUBBER RESEARCH INSTITUTE 
OF MALAYA. 

Picman, W. W., and Gozepp, R. M., Jun. Chem- 
istry of the carbohydrates. New York 1948. pp. 
xvii + 748. ill. 
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Wasserstoff. Dresden 1933. pp. [viii] + 82. ill. 

Pinner, A. [Editor]. Repetitorium der organ- 
ischen chemie, mit besonderer Riicksicht auf die 


studirenden der Medicin und Pharmacie. 8th 
edition. Berlin 1888. pp. xvi + 596. ill. 
PéscHL, V. Einfiihrung in die Kolloidchemie. 6th 


edition. Dresden 1923. pp. xii + 158. ill. 

PortiILLo Moya, R. Introduccién a la teoria y 
practica de la polarografia. (Monografias de la 
Ciencia Moderna, No. 5.) [Madrid] 1945. pp. 126. 
ill. 

Pratt, L.S. The chemistry and physics of organic 
pigments. New York 1947. pp. vii + 359. ill. 
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PROSKAUER, E.S. See Mark, H. 

Rapt, F. See. ELSEvVIER’s ENCYCLOPHDIA OF 
ORGANIC CHEMISTRY. 

Ramsay, SiR WILLIAM. Elements and electrons. 
London 1912. pp. ix + 173. ill. 

ReaD, J. The alchemist in life, literature and art. 
London 1947. pp. xii+ 100. ill. 
Humour and humanism in chemistry. Lon- 
don 1947. pp. xxiii + 388. ill. 
A direct entry to organic chemistry. London 
1948. pp. xiii + 268. ill. 

Reip, A. See MacgueEr, P. J. 

REINDEL, F. See RICHTER, VICTOR VON. 

REVERDIN, F., and NoE.TInG, E. Sur la constitu- 








tion de la naphthaline et de ses dérivés. Mulhouse 
1888. pp. 76. 
REvIsta EspANoLa DE Fisiotocia. Vol. I, etc. 


Barcelona 1945 +. (Reference.) 

RIBEREAU-Gayon, J. See GENEvoIs, L. 

Ricuter, A. A. See Tswett, M. S. 

RICHTER, VICTOR VON. The chemistry of the car- 
bon compounds. Edited by RicHarp ANscHUTz. 
8rd English edition. Vol. IV. The heterocyclic 
compounds and organic free radicals. By F. REINDEL 
and L. Anscut1z. Translated from the 12th German 
edition by M. F. DARKEN and A. J. MEE. New York 
1947. pp. xv + 498. (Reference.) 

RIpEAL, E. K. See MELVILLE, H. W. 

RIQUELME SANCHEZ, D. M. Blanqueo de fibras. 


textiles. 2nd edition. (Quimica aplicada a la 
industria textil, Vol. II.) Barcelona 1947. pp. 
xi + 503. ill. 


Rivs Mir6, A. Introduccién a la ingenieria 
quimica. Madrid 1944. pp. xvi+ 510. ill. 

Roserts, E.R. See EpHRatm, F, 

Ropinson, R. A. See BELL, 
JAMEs]}. 

RorpaM, H. N. K. Studies on activity. Koben- 
havn 1925. pp. [viii] + 103. 

Royaun, C. A. See GIrRat, F. 

Rojas FEIGENSPAN, J. See MARTINEZ Vivas, J. 

Rotierson, G. K. See Eastman, E. D. 

RosEnBLuM, A. A. See AUSTRALIA, COMMON- 
WEALTH OF. Department of Munitions. 

ROTLLANT DE FrancH, M. See Santos Ruiz, A. 

RoyvaL INSTITUTE OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. The Chemical Research 
Laboratory, Teddington. By R. P. LitnstTeap. 
London 1948. pp. 12. 


[Str WILLIAM 





Royvat INSTITUTE OF CHEMISTRY OF GREAT 


BRITAIN AND IRELAND. Chemical ciphering. A 
universal code as an aid to chemical systematics. 
By M. Gorpon, C. E. KENDALL, and W. H. T. 
Davison. London 1948. pp. 46. 

—— The determination of alcohol. By J. R. 
NicHoLLs. (3rd Tatlock Memorial Lecture.) Lon- 
don 1948. pp. 26. ill. 

The Fertilisers and Feeding Stuffs Act and 
some analytical implications. (30th Streatfeild 
Memorial Lecture.) London 1948. pp. 23. 

Lecture on chemistry and medicinal treat- 
ment. By Str Henry Date. (3rd Dalton Lecture.) 
London 1948. pp. 15. 

Lecture on some applications of acetylenic 
compounds in organic synthesis. (Meldola Medal 
Lecture.) By A. W. Jonnson. London 1948. pp. 
18. 

—— Nutritional requirements of man in the light 
of wartime experience. By Sir JAckK DRUMMOND. 
(11th Gluckstein Memorial Lecture.) London 1948. 
pp. 23. 

—— Committee on the Education and Training of 
Laboratory Technicians. Interim Report. London 
1947. pp. 24. 

See IRISH CHEMICAL ASSOCIATION. 

Ruavu, L., and SaLLeron, J. Tables de con- 
version des richesses en alcool pur déterminées par 
l’alcoométre de Gay-Lussac & par l’alcoométre légal . 
1884 en richesse en esprit d’épreuve (type d’Angle- 
terre) déterminées par l’hydrométre de Sikes. Re- 
vised and edited by J. Dujarpin. Paris 1909. pp. 
15. ill. 

RUBBER DEVELOPMENTS. 
DEVELOPMENT Boarp. 

RUBBER RESEARCH INSTITUTE OF MALAYA. 
Planting Manual, No. 4. Latex preservation, con- 
centration and shipment. 2nd edition. By J. H. 
PipForD. Kuala Lumpur 1947. pp. [iv] + 76. 

RussEtt, H. See Yost, D. M. 

Rye, J. A. See MEDICAL RESEARCH COUNCIL. 
Memorandum No. 18. 

SaaL, R. N. J. See Ercers, H. 

SAGARIN, E. See Navses, Y. R. 

SaHyuNn, M. Proteins and amino acids in nutrition. 
New York 1948. pp. xvi + 566. ill. 

SALLERON, J. See Ruav, L. 

Santos Ruiz, A. Hormonas. Madrid 1940. pp. 

328. ill. 
Vitaminas. Historia—Nomenclatura—Clasi- 
ficaci6n — Funcién — Obtencién — Quimica — Proprie- 
dades—Sintesis— Valoraci6n Unidades— Distribu- 
cién—Relaciones. Madrid 1941. pp. xiv + 294. 
ill. 
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Fermentos. Clasificacién, funcién, distribu- 
cién, obtencién, constitucién, propriedades, valora- 
cién. Madrid 1944, pp. xx + 392. ill. 
Bioquimica de los elementos. (Monografias 
de Ciencia Moderna, No. 7.) [Madrid] 1945. -pp. 
111. 

Santos Ruiz, A., and ROTLLANT DE FRANcH, M. 
Vitaminas y hormonas. Relaciones entre constitu- 
cién quimica y accién biolégica: relaciones entre sf. 
Madrid 1943. pp. 143. 
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SATTERFIELD, G. H. See BioLocicaL SyMPoOsIA. 
Vol. XII. 

SAUCHELLI, V. Manual on fertilizer manufacture. 
Baltimore 1946. pp. 126. ill. 

ScHENK, M. Werkstoff Aluminium und _ seine 
anodische Oxydation; ein Handbuch und Ratgeber 
fiir den Praktiker. Bern 1948. pp. 1042. ill. 

ScHIMMEL & Co. Semi-Annual report on essential 
oils, synthetic perfumes, etc. 11 vols. Leipzig 
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Scumipt, H. See Fiat REVIEW OF GERMAN 
SCIENCE, 1939—46. 
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lurgy; its physics and production. 
pp. xii + 379. ill. 

ScoTTIsH SEAWEED 
Annual Report for 1946, etc. 
(Reference.) 

Seitz, F. See AMERICAN 
Division of Electron Optics. 

SENENT P£éREz,S. Estado metalico y estado sélido 
segun la quimica fisica moderna. (Monografias de 
Ciencia Moderna, No, 1.) [Madrid] 1945. pp. 94. 
ill, 

SHAND, S. J. Eruptive rocks, their genesis, com- 
position, classification, and their relation to ore- 
deposits, with a chapter on meteorites. 3rd edition. 
London 1947. pp. xvi + 488. ill. 

SHERMAN, H. C. Calcium and phosphorus in 
foods and nutrition. New York 1947. pp. vi + 176. 
ill. 

SHRINER, R. L., and Fuson, R.C. The systematic 
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manual. 3rd edition. New York 1948. pp. ix + 
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Sirtman, B. See Futon, J. F. 
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pp. xiii + 414. ill. 

Simpson, B. W. See MEDICAL RESEARCH COUNCIL. 
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Stmpson, S.G. See HamIton, L. F. 
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SmitTH, E. B. See OLLARD, E. A. 

Smitu, M. D. See British Non-FERROUS METALS 
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Smitu, P. W. P. See Canapa, DOMINION OF. 
National Research Council. | 

SNELL, C. T. See SNELL, F. D. 

SNELL, F. D., and Sneit, C. T. Colorimetric 
methods of analysis, including some turbidimetric and 
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—instruments—pH. New York 1948. pp. xii + 
239. ill. 

SoclETY FOR EXPERIMENTAL BioLocy. Symposia. 
No. 1. Nucleic acid. Cambridge 1947. pp. vii + 
290. ill. (Reference.) 

SociETY oF PuBLic ANALYSTS AND OTHER ANA- 
LYTICAL CHEMISTS. Physical Methods Group and 
Biological Methods Group. Symposium on methods 
of penicillin assay; their purpose, scope and validity. 
Cambridge 1948. pp. iv + 34. ill. 


Powder metal- 
New York 1947. 


RESEARCH ASSOCIATION. 
Edinburgh [1947 +]. 


Puysicat SOcIETY. 


SomMMER, A. Photoelectric cells. London 1946. 
pp. viii + 104. ill. 

SguirE, A. Powder metallurgy: a report of the 
Watertown Arsenal Laboratory. Brooklyn, N.Y. 
1947. pp. [184]. ill. [Photo-Offset.] 

STAUDINGER, H. Makromolekulare Chemie und 
Biologie. Basel 1947. pp. xiii + 160. ill. (Two 
copies.) 

STEVELS, J. M. Progress in the theory of the 
physical properties of glass. Amsterdam 1948. pp. 
xii + 104. ill. 

STEVENSON, A. E. See NATIONAL CANNERS’ Asso- 
CIATION. Research Laboratory. 

STEVENSON, W. F. The composition of hydrogen 
and the non-decomposition of water incontrovertibly 
established, in answer to the award of a medal by the 
Royal Society, whereby the contrary doctrines are 
absolutely affirmed. Also the absurdity of the exist- 
ing systems of electricity and magnetism demon- 
strated, and the true ones given. 2nd edition. 
London 1849. pp. 156. 

SuGAR RESEARCH FounpaTIoNn, Inc. Scientific 

Report Series, No. 6. Bacterial polysaccharides. 
By T. H. Evans‘and H. HissBert. New York 1947, 
pp. [iv] + 32. 
No. 9. The taste sense and the relative 
sweetness of sugars and other sweet substances, By 
A. T. Cameron. New York 1947. pp. [viii] + 72. 
ill. 








— No. 10. Chromatography of sugars 
and related substances. By W. W. BINKLEY and 
M. L. WotFrom. New York 1948. pp. [vi] + 34. 
ill. 

—— Technological Report Series No. 3. Wax and 
fatty by-products from sugarcane. By R, T. Batcu. 
New York 1947. pp. [viii] + 62. 

No. 4. Use of molasses in grass silage 








preparation. By C. B. BeEnpER. New York 1948. 
pp. [vi] + 22. 

—— The Sugar Molecule. Vol. I, etc. New York 
1947 +. (Reference.) 


SuRUGUE, J. [Editor.] Techniques générales du 
laboratoire de physique. Vol. I. Paris 1947. pp. 
433. ill. 

SwaneEy, M. W. See Extis, C. 

TEXTILE FOUNDATION. See TEXTILE RESEARCH 
INSTITUTE. 

TEXTILE RESEARCH INSTITUTE and TEXTILE 
FounpaTION. Textile Research Journal, Vol. 17, 
etc. New York 1947+. (Reference.) 

TEXTILE RESEARCH JOURNAL. See TEXTILE RE- 
SEARCH INSTITUTE. 

THEILHEIMER, W. Synthetic methods of organic 
chemistry; a thesaurus. Vol. 1, 1942—44,. Trans- 
lated from the German by H. WynBERG. New York 
1948. pp. x + 254. (Reference.) 

Tuomas, M. Plant physiology. 
London 1947. pp. xi + 504. ill. 

Tuomson, E. H. See Futon, J. F. 

TuHomson, R. D. Notes of lectures. 
[MS.] (Reference.) 

THORNE, P.C. L. See EpuHram, F. 

THRELFALL, R. E. Glass tubing. London 1946. 
pp. 36. ill. (Two copies.) 
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Tin RESEARCH INsTITUTE. The spectrographic 
analysis of tin and tin-lead solders. Greenford 1948. 
pp. 31. ill. 

ToLansky, S.. Hyperfine structure in line spectra 
and nuclear spin. 2nd edition. London 1948. pp. 
viii + 120. ill. 

Tomseo, M. Las resinas. Barcelona 1939. pp. 
vii + 527. ill. 

TOWNSEND, SIR JOHN. Electrons in gases. Lon- 
don 1947. pp. viii + 166. ill. 

TRELEASE, S. F. The scientific paper; how to 
prepare it, how to write it. Baltimore 1947. pp. 
xii + 152. ill. 

TROTMAN, E. R. See TROTMAN, S. R. 

Trotman, S. R., and Trotman, E. R. Textile 
analysis. 2nd edition. London 1948. pp. [vi] + 
303. ill. 

Tswett, M. S. Chromatographic adsorption ana- 
lysis. Selected papers. Edited by A. A. RICHTER 


and T. A. KRASNOSSELSKAJA. [Moscow.] 1946. 
pp. 272. ill. [In Russian.] 

TurRTLE, E. E. See MINIstRy OF Foon. 

TYLER, C. Chemical engineering economics. 3rd 


edition. New York 1948. pp. x + 321. ill. 

Unuic, H. H. See ELECTROCHEMICAL SOCIETY. 

UNION OF SOCIALIST SOVIET REPUBLIcS. Institute 
of Organic Chemistry. Synthetic methods in relation 
to organometallic compounds. Edited by A. N. 
NESMEYANOV and K. A. KocHEsHKov. No. 5. 
Synthetic methods in relation to organometallic com- 
pounds of elements of the 4th group. Moscow 1947. 
pp. 129. [In Russian.] 

UniITED STATES PHARMACOPGIAL CONVENTION. 
The pharmacopeeia of the United States of America. 
13th revision. Easton, Pa. 1947. pp. cvii + 957. 
(Reference.) 

* UNIVERSIDAD NACIONAL DE Cuyo. Instituto del 
Petroleo. Publicacion No. 1. El uranio en petrdéleo, 
asfaltitas y esquistos. By S. G, Lexow and E. P. P. 
MANESCHI. Mendoza 1948. pp. 11. 

VERWEY, E. J. W., and OVERBEEK, J. TH. G. 
Theory of the stability of lyophobic colloids; the 
interaction of sol particles having an electric double 
layer. New York 1948. pp. xii + 205. ill. 

VILBRANDT, F. C. Chemical engineering plant 
design. New York 1934. pp. x + 341. ill. 

VoceL, A. I. A text-book of practical organic 
chemistry, including qualitative organic analysis. 
London 1948. pp. xxiii + 1012. ill. 

WAARDEN, M. VAN DER. See E1rcers, H. 


WALDEN, P. Geschichte der Chemie. Bonn 1947. 
pp. 116. 
WALLERSTEIN LABORATORIES. Bottle beer quality. 


A 10-year research record. New York 1948. pp. 
iii + 161. ill. 

Watus, T. E. Practical pharmacognosy. 5th 
edition. London 1948. pp. ix + 230. ill. 

Wartn, A. H. The chemistry and technology of 
waxes. New York 1947. pp. viii + 519. ill. 

WASHINGTON, UNIVERSITY OF. Publications in 
Fisheries. Bacteriological investigations on raw 
salmon spoilage. By C. R. FELLERs. Seattle 1926. 
pp. 36. 


—— —— Fish preservation by hypochlorites. By 


T. Pat CHEN and C. R. FELLERs. 
23. ill. 

WASHINGTON, UNIVERSITY OF. Publications in 
Fisheries. Iodine content of the Pacific Coast 
salmon. By N. D. Jarvis, R. W. CLoucu, and E. D. 
CLaRK. Seattle 1926. pp. 29. 

—— Preserved pickled herring. 
ANDERSON. Seattle 1925. pp. 60. 

WATER AND SEWAGE Works. Vol. 95, No. 6, etc. 
Chicago 1946 +. (Reference.) 

WEBER, H., and Becuter,H. Uber den Zerfall der 
bituminésen Strassenbau-Emulsionen durch Beriih- 
rung mit dem Gestein. Berlin 1932. pp. 90. ill. 

WEIL, B. H., and Lang, J.C. Synthetic petroleum 
from the Synthine process. Brooklyn 1948. pp. 
xi + 303. ill. 

WEINSTEIN, J. J. See WuiteE, C. S. 

WEpsTER, B. M. Onderzoekingen over sterische 
beinvloeding van mesomerie. Dordrecht 1947. pp. 
110. 

WERTH, A. VAN DER. Neue Sulfonierungsver- 
fahren zur Herstellung von Dispergier-, Netz-, und 
Waschmitteln. Berlin 1932. pp. 66. 

WESTERN AUSTRALIA. Depariment of Agriculture. 
The examination of the Western Australian poison 
plants. Ist Progress Report: 2nd and 3rd Progress 
Reports, by E. A. Mann. Perth 1906. pp. 14, 11. 
ill. 


Seattle 1926. pp. 
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WEsT VIRGINIA PULP AND PaPER Co. Industrial 
Chemical Sales Division. Taste and odor control in 
water purification. New York 1947. pp. [iv] +164. 
ill. 

WeEyGanpD, C. See HAND- UND JAHRBUCH DER 
CHEMISCHEN Puysik. II. Part 3c. 

WuitE, C. S., and WEINSTEIN, J. J. Blood deriv- 
atives and substitutes; preparation, storage, ad- 
ministration and clinical results, including a discus- 
sion of shock; etiology, physiology, pathology and 
management. Baltimore 1947. pp. xviii + 484. 
ill. 

WILkINson, W. P. European regional appellations 
considered in the light of International Conventions 
and Treaties as improper descriptions for Australian 
wines. Melbourne 1919. pp. 12. 

Wi.iiaMms, G. E. Technical literature, its pre- 
paration and presentation. London 1948. pp. 
117. 

WitiiaMs, H. E. Cyanogen compounds : 
chemistry, detection and estimation. 
London 1948. pp. xvi + 443. 

Wit.iiaMs, R. T. Detoxication mechanisms: the 
metabolism of drugs and allied organic compounds. 
London 1947. pp. viii + 288. 

Wiiiiramson, G. See Linton, R. G. 

Witson, D. C. See MEpIcAL RESEARCH COUNCIL. 
Memorandum No. 18. 

Wirth, M. M. Bicyclische Verbindungen mit 
einem vielgliedrigen Ring. Ziirich 1948. pp. 54. 
ill. 

Wo trrom, M. L. See SUGAR RESEARCH FounpDa- 
TION, Inc. Scientific Report Series, No. 10. 

WynBErG, H. See THEILHEIMER, W. 

Yarwoop, J. High vacuum technique: theory, 
practice, industrial applications, and properties of 
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materials. 2nd edition. London 1948. pp. viii + ZEERLEDER, A. von. Technologie der Leicht- 


140. ill. metalle. Zirich 1947. pp. xii + 364. ill. 

Yost, D. M., Russert, H., and GARNER, C.S. The Zinc DEVELOPMENT ASSOCIATION. Z.D.A. Ab- 
rare-earth elements and their compounds. New  stracts; a review of recent technical literature on the 
York 1947. pp. ix + 92. ill. various uses of zinc and its products. Vol. 6, No. 7, 
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Acetyldithiocarbamic acid, 3-chloroallyl ester, 2182. 
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derivative, 1265. 

2’-Acetyl guanosine, 1381. 
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4-Acetyl-3-methylphenol, 6-amino-, and nitro-, and its methyl 
ether, 2146. 
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O-Acetylsalicylic acid, O-fluoro-, 1779. 
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per-acids, 1331. 
Aldehydes, condensation of, with nitromethane, 1907. 
detection of, with cyclohexa-1: 3-dione, 1371. 
formation of, from a-amino-acids, 176. 
— of, infra-red absorption, in mixtures with alcohols, 


af: a cyclic, reactions of, 996. 
Aldobionic acid from almond-tree gum, 1677. 
Aldohexoses, methylated, periodate oxidation of, with form- 
aldehyde liberation, 993. 
Aldoses, oxidation of, by iodine solutions, 810. 
Alginic acid acetate, 197. 
Alkali sulphides, reactions of, with polynitro-aromatic com- 
pounds, 2017. 
Alkaloids, curare, 265, 1945. 
Daphnandra, 2170. 
Senecio, 1891. 
Sophora, 1889. 
Alkyl isothiocyanates, reaction of, with a-aminonitriles, 2028. 
n-Alkyl bromides, kinetics of olefin formation from, 2055, 2058. 
tert.-Alkyl bromides, kinetics of olefin formation from, 2065. 
n-Alkylbenzenes, parachors and refractivities of, 607. 
Alkyl ketones, parachors and refractivities of, 610. 
< res chlorides, preparation of, 


dime. reaction of, with 4-amino-3-(4-diethylamino-1- 
methylbutylamino)anisole, 1719. 
Alloxazine, lipoid-soluble derivatives of, 219. 
synthesis of, from 2-aminoquinoxaline-3-carboxyamide, 517. 
n- and iso-Alloxazines, 7-amino-, synthesis of, 1926. 
Allyl alcohol, addition of chlorine to, in hydrochloric acid, 1393. 
Allyl compounds, 3-chloro-, 2180. 
Allylcarbamic acid, methyl ester, 2320. 
Allyldichloroarsine, 3-chloro-, 2183. 
Allylmalonic acid, esters, 663. 
Almond-tree gum, structure of, 1677. 
Alumina. See Aluminium oxide. 
Aluminium, reaction of, with nitrosyl chloride, 1955. 
Aluminium chloride, reaction of, with nitrosyl chloride, 1955. 
oxide, catalytic, for vapour-phase reactions, 267. 
y-form, properties of, 267. 
powder, calcined and ‘hydrated, adsorption by, of n-heptoic 
acid, and specific surface measurement, 969. 
Aluminosilicates, adsorption of, and their colour reactions, 
2164. 
mineral, 127. 


Amidines, 303, 1514, 1618. 
chemotherapeutic, 261. 
preparation of, from substituted amides, sulphony! chlorides, 
and pyridine, 1618. 
substituted, preparation of, 1514. 
.- - ee methyl sulphide, acetate and hydrochloride, 


P-Amidinobensy methyl sulphone, benzoate and hydrochloride, 
1 


2-Amidinopyridine, preparation of, 308. 
Amidone, tetrahydrofurans related to, 1993. 
Amines, aromatic, polycyclic, 1756. 
containing 2-halogenoethyl groups, 2174. 
formylation of, with ethyl formate, 1457. 
molecular association of, from viscosity, 1345. 
primary, secondary, and tertiary, physical properties and 
constitution of, 1825. 
reaction of, with esters, 1989. 
Amino-acids, bacteriostasis by, 85. 
a-Amino-acids, degradation of, to aldehydes and ketones, 176. 
synthesis of, 1386. 
a~Amino-B-mercapto-acids, new synthesis of, 1337. 
a-Amino-nitriles, reaction of, with isothiocyanates, 1262, 
2028. 
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Aminophosphonic acid, diethyl ester, 701. 
Ammines, 1912. 
—s. equilibrium of, with sulphur dioxide and water 


ne sulphinates, action of chlorine on, in aqueot 
solution, 147. 

n-Amy]l nitrite, preparation and physical properties of, 1847, 

sec.-isoAmyl iodide. olefin formation from, 2090 


2-n-Amyl-4-benzylaminomethylene-4:5-dihydro-orazole, 
5-amino-, 1971. 
n-Amyldicyandiamide, 1633. 


sec.-isoAmyldimethylsulphonium ions, olefin formation from, ail 
2090. 


: a” lcemcaaenaaearenees salts, olefin formation from, 


n-Amylmalonic acid, esters, 633. 
a-n-Amyloenanthic acid, a-amino-, 1388. 
2-n-Amyloxazole, 4-cyano-, synthesis of, 1969. 
tert.-Amylsulphonium salts, olefin formation from, 2038. 
p-n-Amylsulphonylbenzylammonium chloride, 382. 
p-n-Amylsulphonylphenyl cyanide, 383. 
2-n-Amylthioethanethiol, 1895. 
Analgesics, new, 559. 
synthetic, 2011. 
——. chromatographic, quantitative, of mixed sugar, 
167 
Androstan-17-on-3(8)-yl benzoate, 790. 
Androst-5-ene-3():17(a)-and-8(8):17()-diols, dibenzoates, 70, 
Androst-5-en-3(8)-ol-17-one, and its acetate and benzos 
4-phenylsemicarbazones of, 790. 
Anethole, dimerides of, 1984. 
ssoAnethole, and its isomers, 1984. 
Anhydrides of polyhydric alcohols, 2201, 2204. 
Anhydrohexitol, dichloro-, 2207. 
1:4-Anhydrosorbitol, derivatives, from 1:4-3:6-dianhydro- 
sorbitol, 237. 
formation of, from glucamine, 299. 
1:4-Anhydrosorbitol, 6-chloro-, and its derivatives, 240. 
Anhydro-~p-strychninenitromethane, 954. 
Anhydroneostrychninephosphorous acid, 956. 
hen acid, and its perchlorate, 
55. 
Aniline, diazotisation of, 558. 
Aniline, 2-chloro-5-nitro-, thiolation of, 870. 
5-Anilinoacridine, 5-m- and -p-nitro-, 1183. 
Cea and 6-p-chloro-, and 6-p-nitro-,f” 
1749. 
6-Anilino-4-n-butylamino-1-p-chlorophenyl-1:2-dihydro- 
1:3:5-triazine-2-thione, 6-p-chloro-, 1642. 
2-Anilino-4-carbethoxythiazole, 5-amino-, 2030. 
4-Anilino-2-p-di-n-butylaminopropylaminoquinazoline, 
4-p-chloro-, dihydrochloride, 1771. 
2-Anilino-4- thylamino-6:7-benzoquinazoline, 2-p-chlorc 
dibydcochlovide 1766. 
sling, 2p-chlor, dihydrochloride 700. 
line, 2-p-chloro-, dihydrochloride, 1766. 
2-Anilino-4-f-diethylaminoethylamino-5-, -6-, -7-, and 
methoxyquinazolines, 2-p-chloro-, dihydrochlorides, 1766. 
2-Anilino-4-f-diethyla minoethylamino-7-methylquinazoline, 
hydrochloride, 1766. 
4-Anilino-1-8-diethylaminoethylaminophthalazine, and 
chloro-, 780. 
2-Anilino-4-f-diethylaminoethylaminoquinazoline, 6- and 7 
amino-2-p-chloro-, hydrochlorides, 1766. 
6-chloro-2-p-chloro-, 6- and 7-nitro-2-p-chloro-, and 
hydrochlorides, 1765. 
agen ag —_ laminoethylaminoquinazoline, 4-p-chloro 
salts, x 
Te 
4-Anilino-1-5-diethylamino-a-methyl-n-butylaminophthalasine 
dipicrate, 780. 
4-Anilino-1-)-diethylaminopropylaminophthalazine, and 
chloro-, 780. 
¢-Asite 4""¥ thylaminopropylaminoquinazoline, 4-p- 
chloro- 
— at" ethylaminopropylaminoquinoxaline, 2-p- 
chloro- 
2-Anilino-4-f-diethylaminoquinazolines, 2-p-chloro-, nuc 
substituted, 1759. 
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Anilino-6-dimethyldihydro-1:3:5-triazine, 2-amino-4-p- 
chloro-, 1655. 
Anilinodiphenyl, 3-nitro-, 222. 
Anilino-4-methylamino-1:2-dihydro-1:3:5-triazine-2-thione, 
6-p-chloro-, 1642. 
Anilino-3-methylcinnoline, 358. 
Anilino-7-methylcinnoline, 8-nitro-, 1705. 
Anilino-8-methylcinnoline, and nitro-, 1706. 
B-Anilinomethylenedihydro-f-quinindene methiodide, 1897. 
nilinomethylenemalonic acid, p-amino-, acetyl derivative, 
diethyl! ester, 893. 
nilinomethyl ethyl ketone, and its semicarbazone, 275. 
nilinomethyl n-propyl ketone, 277. 
Anilino-1-methylquinazoline, 6- and 7-amino-, salts, 365. 
Anilinonaphthalene, 1-(2’-amino)-, and 1-(2’ room 222, 223. 
2-amino-, and 2-nitro-, 221, 222. 
Anilinonaphthalene, 2- (2’- amino)-, and 2-(2’-nitro)-, 223. 
Anilino-2-naphthoic acid, 3-m- and -p-nitro-, 1294. 
Anilino-4-phenylthiazole, 5-amino-, 1266. 
Anilino-5-phenylthioureidothiazole, 1267. 
Anilinophthalazine, 1-chloro-, and 1-chloro-4-p-chloro-, and 
their hydrochlorides, 779, 780. 
Anilino-2-y-piperidinopropylaminoquinazoline, 4-p-chloro-, 
and its dihydrochloride, 1771. 
Anilino-4-isopropylamino-2-methoxy-1:3:5-triazine, 6-p- 
chloro-, 564. 
Anilino-4-isopropylamino-1:3:5-triazine, 564. 
Anilino-4-isopropylamino-1:3:5-triazine, 2-amino- and 2- 
chloro-6-p-chloro-, and their derivatives, 563. 
2-chloro-, and 6-p-chloro-, 564. 
Anilino-4-(2’-pyridylamino)-6-methylpyrimidine, 2-p-chloro-, 
and its dihydrochloride, 596. 
Anilino-2-(2’-pyridylamino)-6-methylpyrimidine, 
and 4-p-nitro-, and their yo mega 595, 596. 
Anilinoquinazoline, 2: ~ to. oro-, 1770 
6- and 7-nitro-, 364, 365. 
Anilinoquinoline, 6-nitro-, 1708. 
Anilinoquinoxaline, 6-chloro-3-amino-2-p-chloro-, 782. 
Anilinoquinoxaline, 2-amino-3-p-chloro-, 781. 
2-chloro-3-p-chloro-, 780. 
Anilino-1:3:5-triazine, 2: 4-dichloro-, 564. 
2:4-dichloro-6-p-chloro-, 563. } 
Anilohexamethyleneimine, 1619. 
and its hydrochloride, 1520. 
Anilopentamethyleneimine, and its hydrochloride, 1520. 
nionotropic rearrangement, kinetics of, 794, 1982. 
nionotropic systems. See under Systems. 
nionotropy, mechanism of, 794. 
p-Anisidinoacridine, 1183. 
nisole-2-sulphonamide, 4:5-dichloro-, 214. 
nisole-2-sulphonethylanilide, 3:4- and 5:5-dichloro-, 214, 215. 
— acid, ethyl and methyl esters, preparation of, 


S hatetemeadtitien, and its picrate, 187. 
p-Anisyl-A?-pyrroline, and its —_ 187. 
nnual General Meeting, 539, 904 
tt: gare grandifolium, curare from, 1945. 
hranilic acid, 4-chloro- and 4-nitro-, preparation of, 1762. 
athraguinone, derivatives, spectra of, i infra red, and structure, 


quinone, 1:4:5:8-tetraamino-, methyl derivatives of, 


nthraquinone-1-carboxylic acid, 4-bromo-, 1625. 
5-chloro-, 1749. . 


nthraquinone series, 1627. 
— absorption of, by Bacterium lactis aerogenes, 


ntimalarials, new, 123. 
tynthetic 574, 581, 586, 594, 777, 1630, 1636, 1645, 1759, 
1766. 


chemistry of, 97, 561, 1719. 
ntim activity, constitution and, 1909. 
mony éri- and pent-oxides, amphoteric properties and 
solubility of, 759. 
ntimony electrodes. See under Electrodes. 
Arabofuranosidamino-5-(2’:5’-dichlorobenzeneazo)-2- 
methylthiopyrimidine, 6-amino-, 964. 
‘Arabofuranosido-2-methylthioadenine, synthesis of, 957. 
Arabopyranosidamino-5-(2’ :5’-dichlorobenzeneazo)-2- 
methylthiopyrimidine, 6-amino-, 964. 





Areolatin, and its derivatives, and its dyeing properties, 569, 570. 
synthesis of, and its isomer, 990. 

Aromatic compounds, cationoid activity of, 1175, 1622, 1746. 
kinetics of halogen substitution in, 100. 
kinetics of sulphonation of, 1065. 
new, attempts to prepare, 974. 
transition state in substitution in, 727. 

Arsacridine, derivatives of, 292, 295. 

Arsacridinic acid, 3-chloro-, 298. 

Arsanthren cyanide, 2212. 

Aryl cyanides, condensation of chloral with, 2322. 
nuclei, union of, 2213. 

N1-Aryl-N*-alkyl-N*-alkyl- and -dialkyl-diguanides, prepar- 
ation of, 1636. 

N}-Aryl-N*-alkyldiguanides, preparation of, 1630. 

Aryl alkyl ketones, parachors and refractivities of, 610. 

Arylamines, reaction of, with ethyl ethoxymethylenemalonate, 
893. 

< ee ethers, attempted rearrangement of, 


Aryldiazoates, decomposition reactions of, 556. 

2-Arylguanidino-4-aminoalkylaminopyrimidines, 574. 

Arylguanidino-4-dialkylaminoalkylamino-6-methyl pyrimidines, 
2-substituted, 580. 

4 


~ and -6-dialkylaminoalkylaminopyrimidines, 
5 


p-Arylsulphonylbenzaldehydes, synthesis of, 601. 

Aryl 2-thienyl sulphones, ——— of, 525. 

Atoms, non-bonded, reactions between, 340. 

Auramine, nitration of, 2169. 

4-Azabenziminazole, and 6-bromo-2-hydroxy-, and 2-hydroxy-, 
1392. 

4-Azabenziminazoles, 1389. 

4-Azabenziminazole-2-thiol, and 6-bromo-, 1392. 

4- and 5-Azaindoles, synthesis of, and their derivatives, 198. 

5-Azaquinoxaline, and 7-bromo-, and its N-oxide, 1391. 

5-Azaquinoxalines, 1389. 

Azeotropic systems, binary, composition, pressure, and temper- 
ature relationships in, 1987. 

Azlactones from 2-nitro-derivatives of vanillin, isovanillin, and 
veratraldehyde, 376. 

cis-Azobenzene, dipole moment of, and of benzocinnoline and 

its oxide, 1949. 

properties of, 1097. 

Azole series, 201, 1056, 1060, 1262, 1337, 1340, 2028, 2031. 

Azoisopropane, thermal data for, 1190. 

cis-Azoxybenzene, dipole moment of, and of benzocinnoline and 
its oxide, 1949. 

Azoxy-5-chloro-2-f-piperidinobutyramidobenzene, 1911. 

Azulenes, 164. 


- Bacteria, adaptation of, to acridine derivatives, 1235. 


chemistry of, 1605. 
coliform, growth of, in nitrate and nitrite media, 824, 833, 
841, 845. 
Bacteriostasis by amino-acids, 85 
—" lactis aerogenes, cells, absorption of antibacterials by, 


Balance sheets, 905. 

Barbituric acid, condensation of, with isatin and 1-methyl- 
isatin, 552. 

Barium bromofetrafluoride, 2137. 

Bases, cyclic, reduced, stereochemistry and synthesis of, 1373. 
heterocyclic, strength of, 2240. 


‘Beetroots, sugar, pectin, araban component of, 2311. 
Benzacridine, 


derivatives, 123. 

1:2-Benzacridine, 5-amino-, 1290. 

7-amino-, 1294. 

8-amino-, 1228. 

4’:5-diamino-, and 4’-nitro-5-amino-, 1291. 

§:8-dichloro-, 125. 
2:3-Benzacridine, preparation of, 1294. 
2:3-Benzacridine, 5-amino-, and its derivatives, 1290. 

7-amino-, 1294. 
3:4-Benzacridine, 5-amino-, 1291. 

7-amino-, 1294. 

8-amino-, 1228. 

§:8-dichloro-, 126. 
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Benzacridine series, syntheses in, 1284. 
2:3-Benzacridone, 7-nitro-, 1294. 
Benzaldehyde, 4:5-dihydroxy-6-nitro-, 
derivative, 1246. 
2-nitro-4:5-dihydroxy-, preparation of, 2224. 
6:7-Benzalloxazine, 222. 
Benzamidine, condensation of, with a-diketones, 731. 
Benzamidine, 3:5-dinitro-, salts, 308. 
8-Benzanilidoquinoline, and 5:7-dichloro-, 1604, 1605. 
1:2-Benzanthracene, photo-polymerisation of, 2129. 
1:2-Benzanthracene, 2’-amino-, 2’- and 3’-chloro-, and 3’- 
cyano-, 1758, 1759. 
os ~ eremnes 2’-amino-, and 2’- and 3’-chloro-, 
58. 


bisbenzenesulphony] 


mesoBenzanthrone, 1175. 
3-acyl and 3-aroyl derivatives, synthesis of, 2037. 
mesoBenzanthrone, 3-amino-, and 2-nitro-3-amino-, and their 
3-acetyl derivatives, and 2-hydroxy-, 1088, 1089. 
6-amino-, and its 6-acetyl derivative, 6-hydroxy-, and 4-iodo-, 
1179, 1180. 
6-amino-, 6-bromo-, 6-chloro-, and 6-iodo-, and their deriv- 
atives, 1624. 

6- and 8-chloro-, properties of, 1746. 

4-fluoro-, 1626. 

Benzene, and its deuterated derivatives, spectra of, absorption 
and fluorescence, 406, 491. 

catalytic reaction of, with ethylene, 73. 

hexachloride. See cycloHexane, herachloro-. 

excited states of, 406, 417, 427, 433, 440, 445, 456, 461, 475, 

483, 491, 508. ; 

methylation of, by dimethyl ether, 2154. 

molecules, elastic constants of, 509. 

reactions of, with acyl peroxides, 2217. 

spectrum of, absorption, ultra-violet, 417. 

fluorescence, ultra-violet, 427. 

substitution in, ortho-para ratio in, 728. 
Benzene, 1:2:3-triamino-, dipicrate, 2132. 

chloro-, eee of acetone in, 370. 

1-chloro-2:6-dinitro-, preparation of, 1008. 

nitro-, sulphonation of, by sulphuric acid, 1065. 

o- and p-dinitro-, preparation of, 1512. 
Benzeneazoacetoacetyl chloride, 1925. 
Benzeneazoacetoacetylethyleneimide, 1925. 

—_ 6-Benzeneazo-3:4-diethylphenols, 2- and 6-p-chloro-, 

eon 6-Benzeneazo-3:4-dimethylphenols, 2- and 6-p-chloro-, 
146. 

2- and 6-Benzeneazo-3-methyl-4-ethylphenols, and 2- and 6-p- 

chloro-, 2146. 

2- and 6-Benzeneazo-3-methyl-4-n-propylphenols, 2- and 6-p- 

chloro-, 2146. 
5-(Benzenesulphonamido)-2:6-dimethyl-3-pyridazone, 5-p- 

amino-, 5-p-acetyl derivative, 2197. 
2-Benzenesulphonamido-4-hydroxy-6-methylpyrimidine, 2-p- 

amino-, 2-p-acetyl derivative, 147. 
$-(Benzenesulphonamido)pyridazine, 

derivative, 2198. 
Benzenesulphonic acid, p-hydroxy-, ammonium salt, 307. 
Benzenesulphonyl-. See also Phenylsulphonyl-. 
Benzenesulphonylacetylguanidine, p-amino-, and its p-acetyl 

derivative, and p-nitro-,,145, 146. 
Benzenesulphonylacetylmethylisothiourea, p-amino-, p-acetyl 

derivative, 146. 
rea, p-amino-, and p-nitro-, 

147. 


3-p-amino-, 3-p-acetyl 


Benzenesulphonyldibenzoylguanidine, p-amino-, and p-nitro-, 
7 


N. - _rrrccaastas N’-dimethylacetamidine, and its picrate, 
523. 

Benzenesulphonylguanidine, p-amino-, acyl derivatives, 143. 

N-Benzenesulphonyl-N’-methylacetamidine, 1522. 

N-Benzenesulphonyl-N’-phenylbenzamidine, 1523. 

Benzenesulphonylpropionylguanidine, p-amino-, p-acyl deriv- 
atives, 146, 147. 

3:4-Benzfluorenones, 1231. 

3:4-Benzfluorenone, 7-nitro-, 1235. 

Benzhydryl dibenzyl phosphate, 1111. 

Benzil, 2:4:6:2’:4’-pentanitro-, 1613. 

Benziminazole, dissociation constants of, 765. 

Benziminazoles, antimalarial activity and structure of, 1909. 
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Benzocinnoline, and its oxide, dipole moments of, 1949. 
mesoBenzodianthrone-6:6’-dicarboxylic acid, 1625. 
Benzotrifluoride, and its fluoro-derivatives, epectra of, infra 
red absorption, 1435. 
Benzoic acid, allyl ester, addition of chlorine to, 1394. 
Benzoic acid, p-amino-, derivatives of, 241. 
Benzoin, condensation of, with quinol or resorcinol, 1992. 
Benzophenone, action of potassium tert.-butoxide on, 1411. 
oxime benzene- and p-toluene-sulphonates, 1517. 
Benzophenone, 4:4’-diamino-, dibenzoy] derivative, 1459. 
6:7-Benzoquinazoline, 2:4-dichloro-, and 2:4-dihydroxy-, 1765. 
p-Benzoquinone, condensation of, with 2:3-dimethyl-1; 
butadiene, 1499. 
m- and p-Benzotetraphenyldifurfurans, 1992. 
Benzo-1:3:5-triazepine, 2:4-diamino-, and its salts, 1371. 
Benzoxazolone-7-sulphonic acid, 5:6-dichloro-, and its sodium 
salt, and 5-chloro-6-amino-, 214. 
Benzoyl peroxide, o-nitro-, 2216. 
N-Benzoyl-N’-acetyl-N’-methyl-p-phenylenediamine, 1604. 
3-Benzoylisoamyl cyanide, 1743. 
3-Benzoylmesobenzanthrone, 3-0-chloro-, 2038. 
a-Benzoylbenzhydryl radical, anionic nature of, compared with 
cationoid reactivity of the triphenylmethy] radical, 1549. 
Benzoylcyanamide, preparation of, 589. 
1-Benzoyldiazoethane, 1-p-nitro-, 1675. 
N-Benzoyldiphenylamine-3:3’-bisazo-8-naphthol, 1006. 
Benzoylethyleneimine, addition of hydrogen sulphide to, 1919 
preparation and reactions of, 1923. 
3-Benzoyl-3-ethylhexanecarboxylic acid, 1744. 
9-Benzoylhexahydrocarbazole, 11-nitro-10-hydroxy-, prepar 
ation and hydrolysis of, 2319. 
Benzoylmalonic acid, ethyl ester, preparation of, 555. 
3-Benzoyl-3-methylbutanecarboxylic acid, and its semicarb 
azone, 1743. 
N-Benzoyl-4-methyldiphenylamine, 2-bromo-, 1604. 
3-Benzoyl-3-methylheptanecarboxylic acid, 1743. 
3-Benzoyl-3-methylundecanecarboxylic acid, 1743. 
N-Benzoyl-N’-phenylbenzamidine, 1523. 
N-Benzoyl-8-phenyl-S-benzylcysteine, methyl ester, 1063. 
+ ae acid, a-cyano-, catalytic reduction o 


5-Benzoyl 2:3-isopropylidene methyl-p-ribofuranoside, 962. 
N’-Benzoylthioureidoacetamide, 1265. 
5-Benzoylthioureido-4-phenylthiazole, 2-amino-, 2-benzoyl de 
rivative, 1266. 
on 2-amino-, 2-benzoyl derivative 
DL-O-Benzoylthreonine, ethyl ester, salts, 317. 
DL-N-Benzoy onine, ethyl ester, 317. 
DL-N-Benzoyl-0-p-tosylallothreonine, ethy] ester, 317. 
5-Benzoyl 2:3:4-triacetyl L-arabinose, 963. 
diethylthioacetal, 963. 
5-Benzoyl 1:2:3-triacetyl D-ribose, 962. 
1:2-Benzperylene, crystal structure of, 1398. 
Benzquinoline series, syntheses in, 1284. 
—— 3- and 4-amino-, 4-hydroxy-, and 3-nitro. 
3:4-diamino-, and its hydrochloride, and 4-chloro-3-nitro- 
and 3-nitro-4-amino-, 1289. 
7:8-Benzquinoline, 2:4-dichloro-, 1292. 
4-hydroxy-, 894. 
a eee acid, 4-hydroxy-, ethyl ester, 


Benz-1-thia-2:3-diazole, derivatives of, 870. 
nitration of, 1006. 
Benz-1-thia-2:3-diazole, 5-bromo-, and 5-iodo-, 874. 
5-hydroxy-, preparation of, 873. 
5-nitro-, preparation of, 872. 
7-nitro-, 1009. 
Benz-1-thia-2:3-diazoles, 5-substituted, preparation of, 1002. 
Benz-1-thia-2:3-diazole-5-azo-8-naphthol, 873. 
Benzthiazole, 2-mercapto-, hydroxymethy] derivative of, 1717. 
= 2-amino-, spectra of, absorption, ultra-violet, 
7. 
8-Benz-o-toluididoquinoline, 1605. 
Benzyl 2-aminocthy] sulphide, preparation of, 1925. 
cyanide, a-amino-, thiocyanate, 1344. 
methyl sulphide, p-cyano-, 1503. 
2-Benzylaminonaphthalene, 1-amino-, 223. 
Benzylaminophosphonic acid, dibenzhydryl ester, 1110. 
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?Benzylamino-1-p-tolueneazonaphthalene, 223. 

Benzyl-n-amylamine, and its hydrochloride, 97. 

9-Benzyl-5:6-benzoisoalloxazine, 223. 

1-Benzyl-4-benzylidene-2-thiohydantoin, 1064. 

2-Benzylcarbamylphenylthioacetic acid, and its N-benzylimide, 
84 


N-Benzyl-p-chloroaniline, 297. 

§-Benzyldialuric acid, 556. 

Benzyldi-n-amylamine, 97. 

5-Benzylidenea mino-2-carbethoxyamino-4-phenylthiazole, 1343. 

Benzylidene anhydrohexitol, chloro-, 2207. 

$:5-Benzylidene 1:4-anhydrosorbitol, constitution of, and 
6-iodo-, 299, 302. 

$:5-Benzylidene 1:4-anhydrosorbitol, 6-bromo-, 2203. 
6-chloro-, 239. 

Benzylideneanil, thermal data for, 1190. 

$':5’-Benzylidene cytidine, and its tetraphenyl-N*:2’-diphos- 
phate, 1530. 

Benzylideneguanosine, and its acetyl ae 1380. 

5-Benzylidene-3-methyl-2-thiohydantoin, 2029 

Benzylideneoxindole, 2’:5-dinitro-, 924. 

Benzylidenerhodanines, bromo-, and chloro-, 1253. 

4-Benzylidenethiazol-5-one, 2-mercapto-, 204. 

Benzylmalonic acid, amino-p-cyano-, acetyl derivative, ethyl 
ester, 87. 


$-Benzyl-3-methylheptanecarboxylic acid, and its S-benzyl- 
thiouronium salt, 1743. 
9-Benzyl-10-methylphenanthridinium halides, 7 : 9-p-diamino- 
and 7-amino-9-p-nitro-, and their acetyl derivatives, 196. 
salts, 9-p-amino-, and 9-p-nitro-, 196. 
4-0-Benzyi-5-methylresorcylaldehyde, 2258. 
Benzyl methyl sulphone, p-cyano-, 1504. 
3-Benzyl-3-methylundecanecarboxylic acid, and its S- ar 
thiouronium salt, 1744 
p-Benzyloxyphenylpyravic acid, 260. 
9-Benzylphenanthridine, 7-amino-9-p-nitro-, and its acetyl 
derivative, and 9-p-nitro-, 195, 196. 
9-p-nitro-, 196. 
Benzylphosphonic acid, diethyl ester, 702. 


8-Benzyl-N-isopropylthiobenzamide, and its picrate, 1924. 

p-Benzylsulphonylbenzylammonium chloride, 382. 

N-Benzylsydnone, and nitroso-, 2309. 

B-Benzylthioacrylic acid, a-amino-, hexoyl derivative, and its 
ethyl ester, 1968. 

p-Benzylthioacrylylbenzamide, a-amino-, benzoyl and hexoyl 
derivatives, 1969. 


2-Benzylthiothiazole, 5-amino-, and its hydrobromide, 205. 
.§2-Benzylthiothiazolone, and its hydrobromide, 1058. 
| ty ae ee acid, a-nitro-, eth hag 685. 

689. 


: us arabinosaceous, dextran synthesis from sucrose by, 
555. 


Po acid, and its derivatives, from plane tree bark, 


Betulinic acid, bromo-, and its acetyl derivative, and its 
derivatives, 950. 
4:6-Bisacetamidoquinoline, and its salts, 1709. 
Bisanhydroneostrychninephosphoric acid, 956. 
e~*- “oenaneeaneneanee and its benzenesulphon- 
a 52 
meso-pp’-Biscarbethoxyamino-3:4-diphenyl-n-hexane, 687. 
i ae (C-ctlese 8:5-benzylidene 1:4-anhydrosorbitol) 2:2’-sulphite, 


* acid) ocean, 1254. 
25-Bischloromethyltetrahydrofuran, 15 
So Bis patkenaeaitninemeneinn i772. 
opheny! disulphoxide, 382. 
3-(Bis-o-cyanophenylthioacetyl )amino-2-6’-ketothionaphtheno- 
Be, 8:4')-1: 3-oxazinyl-2’-thionaphthen, 80. 
lean: . ~ ceerpunatreme nee 168. 
M 


‘| s-Bis-(1-phenylpropyl)hydrazine, pp’-diamino-, 





2347 


i:t-Bis-f-disthylamincethylaminoquinasoline, and its salts, 


Se ee, and its meth- 
1 

Bisdihydroneostrychninephosphoric acid, 956 

3:4-Bis-(3’: 4’-dimethoxyphenyl)-n-hexane, 890. 

— Bisdimethylamino-4:4’-dimethyl-2:2’-dipyrimidylamine, 


Bisdimethylaminofluorophosphine oxide, 1315. 

C0 ie 6 -Gnethvinnsincsigeyt joyeimnitinn, 2-chloro-, 2150. 
2-hydroxy-, 2150. 

2:5-Bisethoxymethyltetrahydrofuran, 158. 

ge ate ogy ome 7 my -(3-ethylbenzoxazole) |penta- 
methincyanine diiodide, 694. 

[Bio-6 -{¢-sthyibensthiasole) }-o-anilomethyttrimethincyanine 
1 ’ 

eof teathin S48 -tinas- 
selenazole) |trimethincyanine diiodide, 1886. 

[Bis-2-(3-ethylbenzthiazole) || y-2’-(3-ethylbenzoxazole) |penta- 
methincyanine diiodide, 695. 

(Bis-2-(8-ethylbensthiasole)-2-(&-ethylbensthiazole) penta- 
methincyanine diiodide, 6 

Bis (4-lnyl-o-aihydro-P.quinindene)/methineyaine 


[Bis 8-2-0thyi-At- -thiazoline) |[af’-dimethin-2’-(3’-ethyl- 
benzthiazole) |trimethincyanine diperchlorate, 1886. 

2-Bis-(2-hydroxyethyl )amino-4-(4-dimethylaminostyry])-6- 
methylpyrimidine, 2151. 


iodide, 


'2:5-Bishydroxymethyltetrahydroturan p- toluenesulphonate, 156. 


3:4-Bis-(3’:4’-dihydroxyphenyl)-n-hexane, and its acetyl and 
benzoyl derivatives, 890. 

Bismethanesulphonyl dianhydrohexitols, 2206. 

2:5-Bismethanesulphony! 1:4-3:6-dianhydromannitol, 2208. 

2:5-Bismethanesulphony! 1:4-3:6-dianhydrosorbitol, 302. 

4:5-Bis(methoxymethoxy)benzaldehyde, 2-nitro-, 1246. 

1:5-Bismethylaminoanthraquinone, 4 : 8-diamino-, 
bromo-, 4:8-dinitro-, and tetranitro-, 738. 

1:8-Bismethylaminoanthraquinone, and 4:5-diamino-, 
4:5-dibromo-, 739. 

Be aatnt-S'-{eiayiee-p-quinintons) nethineyenine iodide, 


4: 8-di- 


and 


p-Bismethylsulphonylbenzene, 605. 


4:4’-Bismethylsulphonyldiphenyl! sulphide, 605. 
disulphide, 605. 
4:4’-Bismethylsulphonyldipheny! sulphone, 605. 
1:10°Bis-8'-p-methylsulphonyiphenyi-4'-thiasolyl-n-decane, 
1:8-Bis-2’-p-methylsulphonylphenyl-4-thiazolyl-n-octane, 1507. 
[Bis-2-(3-methyl-A*-thiazoline) ]-a-anilomethyltrimethin- 
cyanine perchlorate, 1885. 
5-Bisnitroaminoethane, crystal structure of, 1316. 
4-Bis-(3’:5’-dinitro-4’-methylnitroaminophenyl)methylene-N- 
methylsemiquinone, 2:6-dinitro-, 2170. 
4:4-Bisnitroxymethyloxazolidine, 3-nitro-, 1907. 
pp’ -diacety] 
derivative, 685. 
Bisphenylsulphonyl sulphide, crystal structure of, 325. 
trisulphide, crystal structure of, 326. 
Bisquindolinoyl, quaternisation of, 921. 
4:5-Bis-p-toluenesulphonamido-1:8-bisdimethylaminoanthra- 
quinone, 739. 
+ sulphide, and trisulphide, crystal structure 


NN * Bis[tri(carbethoxyaminomethyl)methyl]urea, 1906. 
Bistriethyl-lead fluorophosphonate, 703. 
Bonds. See Linkings. 
Brassylic acid, a-amino-, and its a-acetyl derivative, 1388. 
Bromine trifluoride, reactions of, with carbon tetrahalides and 
with tetraiodoethylene, 2188. 
with metallic halides, 2135. 
Hydrobromic acid, oxidation of, by chromic acid in presence 
of manganous sulphate, 1376. 
Brucine, 703, 951 
N-oxide, action of potassium chromate on, 704. 
Buta-1:3-diene, 1-cyano-, reactions of, 227, 232. 
Butane, 2:3-amino-, and its salts, 60. 
2:2:3:3-tetrachloro-1:1:4:4-tetraamino-, 
derivative, 2322. 
1-nitro-, preparation and physical properties of, 1847. 
1:2-dinitro-, 59. 


1:1:4:4-tetrabenzoyl 
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isoButane, 1:2-dinitro-, 56. 
re ‘acid, preparation of, and its esters, 


cyclaButane-: 1-dicarboxylic acid, preparation of, and its 
esters, 1806. 

tert.-Butanol, nitro-, 56. 

Butan-2-one, heptachloro-, 281. 

2’-n-Butoxydiethyl sulphide, 2 2-chloro-, 2179. 

6-n-Butoxynicotinamide, 1945. 

6-n-Butoxynicotinamidine, hydrochloride and benzoate, 1945. 

2-n-Butoxypyridine, 5-cyano-, 1945. 

nA ere ne me a ee dihydrochloride, 1945. 

n-Butylamine, adsorption of, from aqueous solutions by char- 
coal, 1483. 

2-n-Butylanthraquinone, l-amino-, 1:5- and 1:8-diamino-, 
l-bromo-, dibromo-, 4- bromo-1-amino-, l-chloro-, 1-nitro-, 
1:5- and 1:8-dinitro-, and their derivatives, 1629. 

2-tert.-Butylanthraquinone, l-amino-, 1:5- and 1:8-diamino-, 
4-bromo-l-amino-, tribromo-, 4:6:8-tribromo-1:5-diamino-, 
1-nitro-, and 1:5- and 1:8-dinitro-, and their derivatives, 1628. 

Butylanthraquinones, amino-, and nitro-, 1627. 

4-Butylbenzyl cyanide, 4-chloro-, and 4-hydroxy-, and its 
a-naphthylurethane, 809. 

pay eee em ge thermal data for, 1190. 

tert .-Butylcarbamic acid, s-trichloro-, methyl ester, 2320. 

2-isoButylcinchoninic acid, 6-bromo., 108. 
6:8-dichloro-, 109. 

2-n-Butyldi-1:1’-anthraquinonylimide, 1629. 

Butyldicyandiamides, 1633. 

nm- and iso-Butyldimethylsulphonium salts, olefin formation 
from, 2072. 

sec.-Butyldimethylsulphonium salts, olefin formation from, 
2077. 

tert. -Butyldimethylsulphonium salts, olefin formation from, 
2084. 


Butylenes, addition to, of dinitrogen tetroxide, 52. 
2-Butylene, 2-nitro-, 60. 
isoButylenediamine, dihydrochloride, 57. 
2-(N*-n-Butylguanidino)-5:6-dimethoxybenziminazole, and its 
salts, 1370. 
N-Butylguanylthiourea, 1654. 
2-isoButylquinoline, 6-bromo-,. and its picrate, 6-bromo-4- 
hydroxy-, and 6:8-dichloro-4-hydroxy-, 109. 
4-hydroxy-, 108. 
f-n-Butylsuccinic acid, a-amino-, 1388. 
tert.-Butylsulphonium salts, olefin formation from, 2038. 
p-Butylsulphonylbenzylammonium chlorides, 382. 
2’-n-Butylsulphonyldiethyl sulphone, 2-chloro-, 2179. 
p~sec.-Butylsulphonylphenyl cyanide, 383. 
2-n-Butylsulphonylpyridine, 5-amino-, and 5-nitro-, 1944. 
2’-n-Butylthiodiethyl sulphide, 2-chloro-, 2179. 
2-n-Butylthiopyridine, 5-amino-, and its hydrochlorides, and 
5-nitro-, 1944. 
But-3-yne-1-carboxylic acid, esters, 677. 
Butyranilide, p-chloro-o-nitro-B-bromo-, 1911. 
Butyric acid, a-amino-B-hydroxy-, preparation of, 316. 
isoButyric acid, a-bromo-, and a-fluoro-, methyl esters, 1777. 
Butyrophenone, o-amino-, and its acet 1 derivative, 2318. 
Butyrylpyruvic acid, B- hydroxy-, eal cies 1297. 
N-Butyryl-p-toluenesulphonamide, 112. 


Cc. 


isoCadinene, spectrum of, absorption, 1306. 

Carbamic acid, esters, molecular association in, 874. 

4-Carbamido-l-methylglyoxaline, 5-amino-, and 5-amino-2- 
mercapto-, 2030. 

Carbamylmethyldithiocarbamic acid, benzyl and carbamy]- 
methylammonium esters, 204. 

2-Carbamylphenylsulphinylacetic acid, 83. 

2-Carbamylphenylsulphonylacetic acid, 83. 

2-Carbamylphenylthioacetic acid, and its ethyl ester, and 
derivatives, 83, 84. 

6-Carbamyl-3-pyridazone, 2197. 

S-(5-Carbamyl-2-pyridyl)thiuronium chloride, 1942. 

2-(2’-Carbamyl-3’-thionaphthenyl )carbamylthionaphthen, 
3-amino-, 3-acetyl derivative, 80. 

Carbanilic acid, 3-chloroallyl ester, 2182. 
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Carbazoles, 919, 922. 
beth 


4(or 5)-Carbethoxyamino-2-acetylthioglyoxaline, 1342. 
7-Carbethoxyamino-9-p-a minobenzyl-10-methylphenanthri- 

dinium chloride, 196. 
9-p-Carbethoxyaminobensyl-10-methylphenanthidinium 

se -amino-, 7-acetyl derivative, 196. 

chloride, 7-amino-, and its acetyl derivative, 196. 
7-Carbethoxyamino-9-p-carbethoxyaminobenzyl-10-methyl- 

phenanthridinium chloride, 196 
2-Carbethoxyamino-b-carbethoxythioureido-4-methylthiazole, 
eee aenainn S-caieinenmitonntie-t-ehengtinianmte, 


2-Carbethoxyamino-5-carbethoxythioureidothiazole-4-carboxylic 
acid, ethyl ester, 1344. 
<< ‘eee bromide, 


7 ees 2-amino-, and its acetyl deriv. 

ative, 

4-Carbethoxyaminodiphenyl, 2-amino-, 2-acetyl derivative, 
— -amino-, and its 4’-acetyl derivative, and 2-nitro., 


2-p-nitroamino-, benzoyl derivative, 193. 
4(or 5)-Carbethoxyamino-2-mercaptoglyoxaline, 1342. 
5-Carbethoxyamino-2-mercapto-4-methylglyoxaline, 1342. 
Se ee, 1343. 
5-Carbethoxyamino-4-methylglyoxaline, 1343 
2-Carbethoxyamino-9-methylphenanthridine, and its hydro. 
chloride, 192. 
6- and 8-Carbethoxyamino-9-methylphenanthridines, and their 
sulphates, 194. 
2-Carbethoxyamino-4-methylthiazole, 5-amino-, 1342. 
3-Carbethoxyamino-2’-p-nitrobenzamidodiphenyl, 194. 
7-Carbethoxyamino-9-p-nitrobenzyl-10-methylphenanth- 
ridinium salts, 196. 
7-Carbethoxyamino-9-p-nitrobenzylphenanthridine, 195. 
4-Carbethoxyamino-2’-p-nitrophenylacetamidodiphenyl, 195. 
2-Carbethoxyamino-9-p-nitrophenyl-10-methylphenanthri- 
dinium chloride, 193. 
8-Carbethoxyamino-9-p-nitrophenyl-10-methylphenanthri- 
dinium chloride, 195. 
2-Carbethoxyamino-9-p-nitrophenylphenanthridine, 193. 
6- and 8-Carbethoxyamino-9-p-nitrophenylphenanthridines, 194. 
5-Carbethoxyamino-4-phenylglyoxaline, 1343. 
9-p-Carbethoxyaminophenyl-10-methylphenanthridinium 
bromide, o-, 193. 
chloride, 2-amino-, 2. acetyl derivative, and 7-amino-, 193. 
2-Carbethoxyamino-4-phenylthiaszole, 5-amino-, 1343. 
2-Carbethoxyaminoquinoxaline-3-carboxyamide, 518. 
2-Carbethoxyaminothiazole, 5-amino-, and its 5-acetyl deriv- 
ative, 1342. 
2-Carbethoxyaminothiazole-4-carboxylic acid, 5-amino-, ethyl 
ester, salts, 1344. 
p-Carbethoxybenzylacetoacetic acid, ethyl ester, 1554. 
4-w-Carbethoxy-n-butylthiazole, 5-amino-2-mercapto-, 2033. 
2-Carbethoxycoumarone, 2-hydroxy-, and its acetate, 2257. 
4-Carbethoxy-2:5-diphenylthiazole, 1064. 
2-Carbethoxy-6-hexahydrobenzyloxycoumarone, 2257. 
2-Carbethoxyimino-3-acetyl-4-phenylthiazoline, 5-amino-, 5- 
acetyl derivative, 1343. 
a-Carbethoxy-f-2-ketocyclohexyl-8-phenylpropionamide, 2015. 
4-Carbethoxy-1-methylglyoxaline, 5-amino-, and 5-amino-2- 
mercapto-, and their derivatives, 2030. 
B-Carbethoxy-f-(2-methylcyclohex-1-enyl)propionic acid, 164. 
3-Carbethoxy-5-methylquinoxaline, 2-hydroxy-, 2133. 
Hi eenethcny-S-caatnguioctalonaeiacasbetenpnarientiete, 
ot - Cmeemmereenn acid, ethyl and methyl esters, 


Be emer ee mr and ite 
hydrochloride, 317. 
4-Carbethoxy-5-phenylthiazole, 2-amino-, and its picrate, 1063. 
2-Carbethoxythio-4-benzylidenethiazol-5-one, 1065. 
2-Carbethoxythio-4-ethoxymethylenethiazolone, 1060. 
a-Carbethoxythioureidobenzyl cyanide, 1343. 
Carbethoxythioureidocarbethoxyacetonitrile, 1344. 
Carbethoxythioureidocarbomethoxyacetonitrile, 1344. 
a-Carbethoxythioureidopropionitrile, 1342. 
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$-Carbethoxy-o-tolyloxyacetic acid, ethyl ester, 1673. 
w-Carbethoxy-n-valeraldehyde cyanohydrin, 2032. 
a-Carbethoxyisovaleric acid, B-mercapto-, ethyl ester, 1684. 
Carbocyanines, unsymmetrical, preparation of, 687. 
Carbohydrates, periodate oxidation applied to, 992. 
Carbolines, 919, 922. 
$-Carbomethoxy-6-benzyloxybenzaldehyde, 2-hydroxy-, 
its 2:4-dinitrophenylhydrazone, 116. 
3-Carbomethoxy-2:6-dibenzyloxybenzaldehyde, and its 2:4-di- 
nitrophenylhydrazone, 116. 
N-Carbomethoxydi-(2-chloroethyl)amine, 2174. 
2Carbomethoxyphenylcarbamic acid, 4-bromo-, ethyl ester, 
878. 
Carbon atoms, saturated, substitution at, 1283. 
compounds, thermochemical evaluation of bond strengths 
in, 1161. 
deposition of, on vitreous silica, 1362. 
rings, tlree- and four-membered, physical properties and 
constitution of, 1804. 
five- and six- membered, physical properties and constitu- 
tion of, 1809. 
Carbon ¢etrahalides, reaction of, with bromine trifluoride, 2188. 
dioxide, conversion of, into acetylene, 1534. 
disulphide, reaction of, with aminoacetonitrile, 201. 
with a-methylamino-nitriles, 1619. 
Carbon-iodine linkings, evaluation of strength of, 1161. 
Carbon—magnesium linkings, evaluation of strength of, 1161. 
Carbon—nitrogen linkings, heat of formation of, 1187. 
“ao chlorofluoride and fluoride, preparation and reactions 
of, 2183. 
compounds, reaction of, with a-amino-acids, 176. 
groups, vibration frequency of, in infra-red absorption 
spectra, 1436. 
o-Carboxyacetophenone 2’:4’:6’-tribromophenylhydrazone, 600. 
2-chloro-5-nitrophenylhydrazone, 209. 
+ <hienegtanglgtemem, 1029. 
y\auhentangiatinaaantinn, preparation of, 821. 
a acid, 2-hydroxy-, ethyl 
ester, 
o-Carboxybenzaldehyde a-acetylhydrazone and 2’-chloropheny]l- 
hydrazone, 1028. 
2’:4’:6’-tribromophenylhydrazone, 599. 
2-chloro-5-nitrophenylhydrazone, 209. 
3’-Carboxy-1:2-benzanthracene, 1759. 
5-(~-Carboxybenzyl)-4-methyliminazol-2-one, 1554. 
3-Carboxy-6-benzyloxybenzaldehyde, 2-hydroxy-, 116. 
2-Carboxycoumarone, 6-hydroxy-, acetate, 2257. 
4'-Carboxydiphenylamine, 4-amino-, and 4-nitro-, 241. 
Carboxydiphenylarsonous acids, 2209. 
4-Carboxy-2:5-diphenylthiazole, 1064. 
4-Carboxy-2:5-diphenylthiazolidine hydrochloride, 1065. 
.— agra: seminenen sameeren alates coe mama 1 feces 


~ -4-Carboxymethoxy-3-methyl-1-naphthylglycine, ethyl ester, 
aaa chloride and 5-methosulphate, 


Se acid, 2:4-dinitro-, ethyl ester, and 
its derivatives, 1718. 
ey He ae 2-phenylhydrazone, 


{Carbory-5-phengl-2:2-dimethylthiazaliin hydrochloride, 
S meGatboxypbeagl-N'-sopropyldguanide hydrochloride, 


noon and iene ae aap ee 2310. 
4-Carboxy-5-phenylthiazole, 2-amino-, 1064. 
4-Carboxy-5-phenyl-2-thiazolidone, 1064. 
2-Carboxyphenylthioacetanilide, 83. 
2-Carboxyphenylthioacetbenzylamide, 83. 
4-Carboxy-5-phenyl-2-thiothiazolidone, 1064. 


and 

















4-Carboxyquinoline-3-carboxyamide, 2-hydroxy-, 554 
> Ea mmrmrenes 3-amino-, and its N-acetyl derivative, 


2-(2-Carboxy-d'-thionaphthenyl)carbamylthionaphthen, 
3-amino-, and its derivatives, 80. 
ie  ~ eee ra acid, B-mercapto-, and its calcium salt, 


Carcinogenics, hydrocarbon, oxidation of, with osmium tetr- 
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Carob bean. See Ceratonia siliqua 

Carob gum, galactomannan fae, 1278. 

mannose from, 1989. 

. oxidation products of, and their X-ray structure, 


Pa acid-base, in non-aqueous solvents, 370. 
Catalysts, alumina, ‘for vapour-phase reactions, 267. 
= for reaction of naphthalene with methanol, 


for reaction of benzene with ethylene, 74. 
Friedel. cross-linking of vinyl polymers by, 771. 
poisons for, detoxication of, 1091, 1093, 1916. 
when as poison for, 1095. ; 
preparation of, 612. 
Catalytic reactions, gas-phase, of aromatic hydrocarbons, 73, 
1700, 2154. 
vapour-phase, alumina catalysts for, 267. 
(—)-epiCatechin, and its gallate, 2252, 2253. 
Catechins from green tea, 2249. 
Cellulose, oxidation of, by dinitrogen tetroxide, 1135. 
Ceratonia siliqua, carob gum from, 1989. 
Cerium salts, _—— of, from neodymium salts, by ion 
exchange, 1272. 
Chabazite, adsorption of gases on, 135. 
mineral with sorptive properties like, 127. 
Charcoal, adsorption by, from aqueous solutions, 1483. 
columns, adsorption y, from aqueous solutions, 1487. 
Chemotherapeutics, amidine, 261. 
sulphone type, 1501, 1506, 1939. 
Chloral, condensation of, with aryl cyanides, 2322. 
Chlorine, action of, on ammonium sulphates, in aqueous 
solution, 147. 
Hydrochloric acid, dissociation of, in oxygen-containing 
solvents, 1971. 
— 3(a)-chloro-, and 3(8)-hydroxy-, preparation of, 


Cholestane-6||7-dicarboxylic ig! 3(c)- and 3(8)-hydroxy-, and 
their derivatives, 1040, 1041, 
Cholestan-7-on-3(8)-yl wd d, 708. 
Cholest-2-(or 3)-ene-6||7-dicarboxylic anhydride, 1041. 
Cholest-6-ene-3(8):5(a)-diol, 1796. 
Cholest-6-en-5(c)-ol, 3-8-hydroxy-, acetyl and benzoyl deriv- 
atives, 1796. 
Cholesterol, stereochemistry of, 1032. 
7-substituted derivatives of, 1788, 1792, 1798. 
—. “a”-and “Bp” T-hydroxy-, acetyl derivatives, 
Cholesterols, 7-hydroxy-, epimeric, esters, 1792. 
Cholesteryl acetate, “* B ”’-7-chloro-, and -iodo-, 1792. 
benzoate, “ B ’’-7-bromo-, -7-chloro-, and -7-iodo-, 1792. 
' “a mo oro-, — 
romide, preparation of, 1787. 
bromide pw chloride, ‘* 8 ’’-7-bromo-, 1787. 
- esters, “ 8B ”’-7-bromo-, 1786, 1787. 
ay , chloro-, and hydroxy-, and their acyl derivatives, 
fluoroacetate, 1779. 
Chondrodendron tomentosum, curare from, 1945. 
Chromatography, partition, of mixed sugars, 1679. 
Chromic acid. See under Chromium. 
Chromium :— 
Chromic acid, oxidation by, mechanism of, 1666. 
of — acid in presence of manganous sulphate, 
1 
Dichromates, photochemical oxidation with, 2119. 
Chrysene, synthesis of, and its derivatives, 999. 
Cinnamaldehyde, p-nitro-, dinitrophenylhydrazone, 2011. 
—— acid, a-amino-, a-acetyl derivative, methyl ester, 
1 
Cinnamy]! halides, coupling reaction of, 1111. 
Cinnoline, 4-amino-, 1713. 
4-amino-, 6- and 7-chloro-4-amino-, 
their acetyl derivatives, 360. 
3-bromo-4-hydroxy-, and 3-chloro-4-hydroxy-, and their 
acetyl derivatives, 1173. 


6-nitro-4-amino-, and 


3:6-dibromo-4-hydroxy-, 3-chloro-6-bromo-4-hydroxy-, 6- 
chloro-3-bromo-4- a and 3:6-dichloro-4-hydroxy-, 
and their 4-acetyl derivatives, 1174. 


8-nitro-4-amino-, 1705. 





oxide, 170. 


Cinnolines, 354, 358, 1170, 1702, 2318. 
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Cinnolines, 4-amino-, preparation of, 358. 
3-halogeno-4-hydroxy-, preparation of, 1170. 

8-3’-Cinnolyl-n-propane-1-carboxylic acid, 3-4’hydroxy-, 2319. 

Citraconic acid, esters, 665. 

Citral, spectrum of, infra-red absorption, 1414. 

Citronellal, spectrum of, infra-red absorption, and structure, 
1414. 

Citronellol, spectrum of, infra-red absorption, and structure, 
1413. 


Clathrate compounds, 61, 571, 815. 

Coal, bituminous, X-ray diffraction and solvent extraction 
studies of, 1693. 

Compounds, molecular, structure of, 61, 571, 815. 

Constitution, antimalarial activity and, 1909. 
physical properties and, 607, 610, 616, 624, 644, 654, 658, 

674, 1804, 1809, 1814, 1820, 1825, 1833. 

Copper, oxide-film formation on, and its potential, 740. 

Copper electrodes. See under Electrodes. 

Coprosma, chemistry of, 564, 568, 990. 

Coprosma areolata, colouring matters from, 568. 

Coprosma australis, colouring matters from, 564. 

Cortex piscidise erythrinse, constituents of, 257. 

Coumarin, 5-nitro-3-hydroxy-, 1609. 

Coumarins, 4-hydroxy-, synthesis of, 174. 

Coumarin-3-carboxylic acid, 2257. 

Coumarone, 6-hydroxy-, 6-benzyl derivative, and p-nitro- 
benzoate, 2257. 

B-Coumarone-5-acrylic acid, 8-6-hydroxy-, 6-acetyl derivative, 
and its 2:4-dinitrophenylhydrazone, 2258. 

Coumarone-2-carboxylic acid, 6-hydroxy-, 6-benzyl derivative, 
ethyl ester, 2257. 

Coumarono-(2’:3’:3:4)-coumarins, 1672. 

Coumarono-(2’:3’:3:4)-coumarin, 7-hydroxy-, and 7:8-dihydr- 
oxy-, and their derivatives, 1673. 

2-(2’-Coumaronyl)-A?-pyrroline, and its picrate, 188. 

p-Cresol-3-sulphonic acid, 2-chloro-5-amino-, 215. 

Crotonanilide, p-chloro-o-nitro-, 1911. 

Crotonic acid, esters, 666. ' 

Crotonic acid, y-bromo-, methyl ester, in synthesis of hydro- 
aromatic ketones, 162. 

Crystal-violet, nitration of, 2169. 

Culture media, containing nitrates and nitrites, growth of 
coliform bacteria in, 824, 833, 841, 845. 

Curare alkaloids, 265, 1945. 

(+-)-cis- and (—)-trans-Cryptols, and their derivatives, 996. 

(—)-Cryptone, cryptols from, 996. 

Cyanides. See under Cyanogen. 

neoCyanines, preparation and structure of, 690. 

Cyanine dyes from 2:3-dihydro-8-quinindene, 1895. 
trinuclear, 1872. 

Cyanogen :— 
Cyanides, parachors and refractivities of, 674. 

preparation of amidines from, 303. 

Cyanophosphonic acid, diethyl ester, 701. 

a-Cyanoprene. See Buta-1:3-diene, 1-cyano-. 

B-Cycloylpropionitriles, 186. 

2-Cyclylpyrrolidines, formation of, from -cycloylpropio- 
nitriles, 186. 

2-Cyclyl-A*-pyrrolines, formation of, from f-cycloylpropio- 
nitriles, 186. 

Cysteine hydrochloride, pre 

Cytidine-2” phosphate, synt 


ration of, 1339. 
esis of, 1527. 


D. 


DDT, decomposition of, by basic substances, 1657. 
Daphnandra, alkaloids, 2170. 
Decahydroquinolines, cis- and trans-, 1373. 

aryl derivatives, 2011. 

1666. 

cis-Decalin, structure of, 340. 
n-Decane-l-carboxylic acid. See Undecoic acid. 
n-Decoic acid, n-butyl and n-propyl esters, 631. 

soluble films of, expansion of, at air—-water interface, 936. 
8-Decoyl-3-methylbutanecarboxylic acid, 1745. 
Dec-9-yne-1-carboxylic acid, esters, 677. 
Dehydroascorbic acid, and its salts and derivatives, 160. 
Dehydro-/-ascorbic acid, isolation and properties of, 158. 
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7-Dehydrocholesterol, preparation of, and its derivatives, 1783, 
7-Dehydrocholesteryl bromide and chloride, 1788. 
Dehydrodihydrostrychnidine, 1665. 
Densitometer—viscometer, 2239. 
Desyl dibenzy] phosphate, 1111. 
Desyl radical, anionic nature of, compared with cationoid 
reactivity of the triphenylmethy] radical, 1549. 
DtL-Dethiobiotin, synthesis of, 1552. 
Deuterobenzene, spectrum of, absorption, ultra-violet, 483. 
a-Deuterobutyric acid, 1088. 
a-Deuterohexoic acid, 1088. 
Dextran, structure of, from sucrose, 1555. 
Diacetimide, preparation of, 1081. 
5:5-Diacetylnona-2:7-diene, 1:9-dicyano-, 233. 
5:5-Diacetylnonane, 1:9-dicyano-, 234. 
8:4-Dialkylphenols, substitution in, 2143. 
Diallyl sulphide, 3:3’-dichloro-, 2181. 
Diallylamine, di-3-chloro-, 2181. 
1:1-Di(allyloxy)ethane, 1:1-di-3-chloro-, 2182. 
Di(allyloxy)methane, di-2-chloro-, 2182. 
1:1-Di(allylthio)ethane, 1:1-di-3-chloro-, 2182. 
1:2-Di(allylthio)ethane, 1:2-di-3’-chloro-, 2181. 
6:6’-Diamidino-2:2’-dimethoxydi-a-naphthylmethane 
thionate, 263. 
6’:6’’-Diamidino-1:5-di-8-naphthoxypentane, salts, 263. 
6’:6”-Diamidino-1:3-di-8-naphthoxypropane diisethionate, 263. 
4’:4’’-Diamidino-1:1-diphenyl-2:2-dimethylethylene dihydro- 
chloride, 263. 
4’:4’’-Diamidino-1:1-diphenylethylene, dihydrochloride, 262. 
“= centers dibenzoate, 
4:4’-Diamidinostilbene, preparation of, 308. 
Diaminofiluorophosphine oxides, 1313. 
5:5-Di-n-amylhydantoin, 1388. 
+ om mannitol, action of phosphorus tribromide 
on, ° 
1:4-3:6-Dianhydrosorbitol, 2:5-diacetate, 240. 
action of phosphorus tribromide on, 2201. 
conversion of, into 1:4-anhydrosorbitol derivatives, 237. 
1:4-3:6-Dianhydrosorbitol, 5-mono- and 2:5-di-chloro-, 2202. 
Dianilinofluorophosphine oxide, 1315. 
1:4-Dianilinophthalazine, 780. 
2:3-Dianilinoquinoxaline, 780. 
2:3-Dianilinoquinoxaline, 2:3-di-p-chloro-, 780. 
6-chloro-2:3-di-p-chloro-, 781. 
1:1-Di-p-anisyl-2-p-ethoxyphenylethylene, 2-chloro-, 155. 
Dianisylidenestrychninonic acid, hydrate, 956. 
1:1’-Dianthraquinonyl-4:4’-dicarboxylic acid, and its pyri- 
dinium salt, 1625. 
1:5-Di-a-anthraquinonylimino-2-tert.-butylanthraquinone, 1629. 
Diarylcyanoarsines, 2208. 
NN’-Diarylformamidines, synthesis of, 1014. 
Diary! sulphones, o-hydroxy-, action of diazomethane on, 605. 
1:3-Diaza-acridine, 5-amino-2:4-dihydroxy-, and its hydro- 
chloride, 555. 
1:3-Diaza-acridine-5-carboxylic acid, 2:4-dihydroxy-, and its 
methy] ester and sodium salt, 554. 
Diazo-compounds, aromatic, decomposition of, in aqueous 
solution, electronic mechanism of, 348. 
free-radical reactions of, 882. 
replacement of diazo- by nitro-group in, 556. 
Diazocyanides, isomeric, Hantzsch’s, structure of, 1097. 
Diazomethane, and its derivatives, experiments with, 605. 
Diazomethyl 8-p-methylsulphonyl phenylethyl ketone, 1505. 
Diazonium groups, replacement of, by nitro-groups, 1512. 
Diazonium salts, coupling of, with 3:4-dialkylphenols, 2143. 
decomposition of, in neutral solutions, 1512. 
Diazosulphonates from f-naphthol-l-sulphonic acid, phthal- 
azine reaction with, 597, 1026, 1249. 
anti-Diazosulphonates of naphthalene series, isolation of, 1183. 
3:3-Di-(5-barbituryl)-1-methyloxindole, 555. 
3:8-Di-(5-barbituryl)oxindole, 553. 
“* Dibenzamidodioxytetrol ”, structure of, 1958. 
Dimesobenzanthronyl, composition of, from mesobenzanthrone 
with alkaline condensing agents, 1622. 
6:6’-Dimesobenzanthronyl, 1625. 
action of fused potassium hydroxide on, 1746. 
4:6’- and 6:6’-Dimesobenzanthronylamines, 1179, 1180. 
Dibenzhydryl aminophosphonate, 1110. 
phosphite, 1110. 
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§:6:7:8-Dibenzoalloxazine, 2-imino-, 223. 

Dibenzoylmalonic acid, ethyl ester, 556. 

Dibenzyl chlorophosphonate, preparation of, and its use in 
phosphorylation, 1106. 

phosphite, preparation and purification of, 1109. 

Di(benzylamino)filuorophosphine oxide, 1315. 

Dibenzylideneazine, thermal data for, 1190. 

Dibenzylidene-ethylenediamine, thermal data for, 1190. 

Dibenzylideneglyoxal, structure of, 763. 

9:4-8:5-Dibenzylidene sorbitol, 1:6-dibromo-, and 1-bromo-6- 
iodo-, 2203. 

1:6-dichloro-, 239. 

Dibenzylidenestrychninonic acid hydrate, 956. 

Dibenzylidene styracitol, 2207. 

Di-(3’:5’-benzylidene uridine-2’:2’) phenyl phosphate, 1533. 

NN’-Dibenzyl-p-methylsulphonylbenzamidine, 308. 

$:4(5)-Dibenzylthioglyoxaline, and its acetyl derivative, 203. 

Di-(n-butylamino)fluorophosphine oxide, 1315. : 
Di-n-butylaminopropylamino-4-hydroxyquinazoline, hemi- 

ydrate, 1770. 

9y-Di-n-butylaminopropylaminoquinazoline, 4-chloro-, sesqui- 

picrate, 1770. 

Ditsobutylene, oxidation of, by chromic acid, 1334. 

a-Diisobutylene, reaction of, with organic per-acids, 1328. 

with selenium dioxide, 1333. 

B-Diisobutylene, reaction of, with organic per-acids, 284. 

with selenium dioxide, 1333. 

Di-4-butylformal, di-4-chloro-, 809. 

NN’-Dicarbomethoxy-2:2’-diaminodiethyl sulphide, and NN’- 
dinitroso-, 2320. 

2:2’-Dicarbomethoxybenzoyl peroxide, 2216. 

8:3’-Di-(w-carboxymethylamino)diphenylamine, 1006. 

y5-Dicarboxy-5-phenyl-n-valeric acid, and its trimethyl ester, 
978. 

Dichromates. See under Chromium. 

Dicinnamyl, spectrum of, absorption, 1123. 

trans-Dicinnamyl, 1116. 

isoDicinnamyl, 1117. 

1:4-Dideuterobenzene, spectrum of, absorption, ultra-violet, 
461 


Di-2:4-dimethoxyphenyl disulphide, 526. 
4:4’-Diethoxybenzophenone, preparation of, 152. 
6:7-Diethoxy-1-benzyl-3-methyl:soquinoline, 889. 
2:2’-Diethoxydiethyl sulphide, 2:2’-di-2-chloro-, and its deriv- 
atives, 43. 
2:2’-di-2-hydroxy-, 43. 
erie 
2:5-Diethoxy-3:6-dimethylpyrazine, 1862. 
6:7-Diethoxy-1:3-dimethylisoquinoline, 889. 
6:7-Diethoxy-3-methylisoquinolines, synthesis of, 885. 
6:7-Diethoxy-1-phenyl-3-methylisoquinoline, and its hydro- 
chloride, 889. 
1-3':4’-Diethoxyphenylpropanol, 2-amino-, and its N-acyl 
derivatives and hydrochloride, 888, 889. 
#s-2-amino-, and its acyl derivatives, and 2-nitro-, acetate, 
887, 888. 
3$:4-Diethoxypropenylbenzene, and its ~-nitrosite, 887. 
BB-Diethoxypropionylhydrazide, a-amino-, hexoyl derivative, 
and its benzylidene derivatives, 1967. 
N-(88-Diethoxypropionyl)-p-penicillamine, N-a-amino-, hexoyl 
derivative, 1967. 
3:4-Diethoxypropiophenone, and a-amino-, and its benzoyl 
derivative, and a-isonitroso-, 888, 890. 
3:4-Diethoxypropiophenone azine, 890. 
Diethyl amino-, cyano-, and thiocyanato-phosphonates, 701. 
2-chloroethyl and 2-fluoroethyl phosphates, 703. 
ether. See Ethyl ether. 
fluorodithiophosphonate, 1014. 
Sesmashontbenale, 1012. 
di-2-chloro-, and di-2-fluoro-, 1013, 1014. 
sulphide, 2-hydroxy-, acetyl derivative, 1596. 









disulphide, dt-2-hydroxy-, 46. 
2:2’-dihydroxy-, and its derivatives, 42. 
trisulphide, and 2:2’-dichloro-, crystal structure of, 323, 324. 
2:2’-diiodo-, crystal structure of, 324, 1256. 
sulphilimine, 2:2’-dibromo-, 37. 
Diethylamine, di-2-fluoro-, 2176. 
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#Diethylaminoacetanilide, p-chloro-o-amino- and -o-nitro-, 
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© Disthylamino-¢-(4-dimethylaminostyry1)-6-methyiayrimitine, 
p-Diethylaminoethoxyamine, and its hydrochloride, 185. 
st ~~ ,ccceeeeeen 7-chloro-, and its salts, 


4-f-Diethylaminoethylamino-€:7-benzoquinazoline, 2-chloro-, 


&-f Dicthyisminoethyiamine-4-p-chloropheayithioquinase- 


#-f-Disthylaminosthylamino-@-p-chlorophenyithioquinasoline, 


4-£-Diethylaminoethylamino-6:7-dimethoxyquinazoline, 
2-chloro-, 1765. 
2-(2-Diethylaminoethylamino)-4-(4-dimethylaminostyryl)-6- 
methylpyrimidine, 2151. 
2-8-Diethylaminoethylamino-4-hydroxyquinazoline, 1769. 
4-8-Diethylaminoethylamino-5-, -6-, and -8-methoxyquinazo- 
lines, 2-chloro-, 1765. 
2-f-Disthylaminosthylamino-¢-methylpyrimidine, 


£fDesthylaminccthylamine-7-mothyiquinaneline, 2-chloro-, 


2-8-Diethylaminoethylamino-4-phenoxy-6-methylpyrimidine, 
dipicrate, 590. 
2-£-Diethylaminoethylaminoquinazoline, 4-chloro-, and its 
sesquipicrate, 1770. 
4-B-Diethylaminoethylaminoquinazoline, 2:6- and 2:7-dichloro-, 
2-chloro-6- and -7-nitro-, 1765. 
3-8-Diethylaminoethylaminoquinoxaline, 2-amino-, 781. 
2-chloro-, and its picrate, 780. 
6’-£-Diethylaminoethylamino-4:4’:6-trimethyl-2:2’-dipyri- 
midylamine, and its dihydriodide, 596. 
B-Diethylaminoethylaniline, 5-chloro-2-nitro-, nitro-, and their 
salts, 1930, 1931. 
2-Diethylaminomethylbenziminazole, 5(or 6)-chloro-, 1910. 
$-(4-Diethylamino-1-methylbutylamino)anisole, 4-amino-, re- 
action of, with alloxan, 1719. 
4-nitro-, picrate, 1719. 
§-(5-Diethylamino-a-methylbutylamino)-3:4-benzacridine, 
8-chloro-, and its picrate, 126. 
5-(5-Diethylamino-a-methylbuty] )amino-7-methoxyacridine, 
2-chloro-. See Mepacrine. 
2-(8-Diethylamino-a-methylbutylamino)-4-methoxy-1:3:5- 
triazine, 6-amino-, and its picrate, 563. 
2-3-Diethylamino-a-methylbutylamino-6-methylpyrimidine, 
4-amino-, and its dipicrate, 592. 
6-5-Diethylamino-a-methylbutylamino-2-methylpyrimidine, 
4-amino-, dipicrate, 593. 
4-(5-Diethylamino-a-methylbutylamino)-1:3:5-triazine, 
2-chloro-6-amino-, 563. 
e-em 7-chloro-, and its salts, 
5-(y-Diethylaminopropylamino)-1:2-benzacridine, 8-chloro-, 125. 
2- and 4-y-Diethylaminopropylamino-4- and -2-p-chlorophenyl- 
* thioquinazolines, 1771. 
2-y-Diethylaminopropylamino-4-hydroxyquinazoline, 
hydrate, 1770. 
a” arene mre 2-amino-, 


4-y-Diethylaminopropylamino-2-p-methylsulphonylphenyl-6- 
methylpyrimidine dihydrochloride, 1507. 

5-(y-Diethylaminopropylamino)-1:2:3’:2’-pyridoacridine, 
8-chloro-, 126. 

5-(y-Diethylaminopropylamino)-3:4:3':2’-pyridoacridine, 
8-chloro-, 126. 

2-y-Diethylaminopropylaminoquinazoline, 4-chloro-, 1770. 

3-y-Diethylaminopropylaminoquinoxaline, 2-amino-, 781. 
2-chloro-, and its salts, 780. 

4-y-Diethylaminopropylamino-2-p-tolylthioquinazoline, 1771. 

(OSE, 5-chloro-2-nitro-, and its salts, 

Diethylcarbamic acid, methyl ester, 878. 

Diethylcarbamy] fluoride, 2186. ~ 

1:1’-Diethyl-2:4’-carbocyanine iodide, 689. 

Diethyleyanamide, di-2-chloro-, 2174. 

Diethyldicyandiamide, 1633. 

Diethyl-2-fi , di-2-chloro-, 2177. 

N-(NN-Diethylguanyl)-S-methylisothiourea hydriodide, 1654. 

NN-Diethylguanylthiourea, 1654. 

meso-aB-Diethylidenedibenzyl, 1122. 


4-amino-, 


and its 
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1:3-2:4-Diethylidene p-sorbitol, 5:6-diacetyl derivative, 1936. 
Diethyl ketoxime, benzenesulphonate, 1518. 
Diethylnitrosoamine, preparation and physical properties of, 
1846. 
$:3-Diethyloxaselenacarbocyanine iodide, 689. 
8:3’-Diethyloxathiacarbocyanine iodide, 690. 
NN’-Diethylpiperazine, NN’-di-2-chloro-, and its dihydro- 
chloride, 2175. 
3:6-Diethylpyrazine, 2-amino-, 
2-hydroxy-, 1858. 
2:5-dicyano-, and 2-hydroxy-, 1 
3: 6-Diethylpyrazine-5-carboxylic aan 2-hydroxy-, 1863. 
Diethyl sulphone, 2-chloro-, 2179. 
2:2’-Diethylsulphonyldiethyl sulphone, 2:2’-di-2-chloro-, 41. 
2:2’-Di(ethylthio)diethyl ether, 2:2’-di-2-bromo-, 2:2’-di-2- 
cyano-, 2:2’-di-2-hydroxy-, 2:2’-di-2-iodo-, and 2:2’-di-2- 
thiocyanato-, and their derivatives, 36, 37. 
2:2’-di-2-chloro-, and its derivatives, 35. 
sulphide, 2:2’-di-2-bromo-, 42. 
2:2’-di-2-chloro-, and its derivatives, and 2:2’-di- 
and 2:2’-di-2-thiocyanato-, 40, 41. 
disulphide, 2:2’-di-2-hydroxy-, 41. 
sulphoxide, 2:2’-di-2-chloro-, and 2:2’-di-2-hydroxy-, 41. 
2:2-Di(ethylthio)diethyl sulphone, 2:2’-di-2-chloro-, and 2:2’-di- 
2-hydroxy-, 41. 
2:3-Di(ethylthio)-1:4-dioxan, 2:3-di-2-chloro-, and 2:3-di-2- 
hydroxy-, 41. 
2:2’-Di(ethylthio)di-n-propyl sulphide, 2:2’-di-2-chloro-, and 
2:2’-di-2-hydroxy-, 41. 
1:2-Di(ethylthio)ethane, 1:2-di-2-chloro-, 44 
a-(88-Diethylthiopropionamido)-f-methoxyisovaleric acid, 
a-amino-, hexoyl derivative, 1968. 
BB-Diethylthiopropionic acid, a-amino-, 
ethyl ester and hydrazide, 1967. 
N-(£8-Diethylthiopropiony!)glycine, N-a-amino-, 
rivative, 1967. 
Diguanides, formation of, from guanylthioureas, 1645. 
5:5-Di-n-heptylhydantoin, 1388. 
Dicyclohexyl fluorophosphonate, 1013. 
Di(cyclohexylamino)fluorophosphine oxide, 1315. 
Dicyclohexylearbamic acid, ethyl ester, 878. 
2: 8-Dihydroacenaphthyleno(7’:8’ 2:3)indole-l-carboxylic acid, 
3-nitro-2-hydroxy-, 2-acetyl derivative, esters, 1248. 
§:10-Dihydroarsacridine, 10-chloro-, and 10-cyano-, 295. 
3:10-dichloro-, and 3-chloro-10-cyano-, 298. 
$:4-Dihydro-1:2-benzanthracene, 3:4-dihydroxy-, and its di- 
acetate, 172. 
2:3-Dihydrobenzfuran, 4-hydroxy-, 894. 
sie 1:2-dihydroxy-, and its diacetate, 
Dihydrobetulonic acid, and its derivatives, 950. 
ee 1:2-dihydroxy-, and _ its 


Dihydro-1:2:5:6-dibensanthracene, dihydroxy-, andits diacetate, 


Dihydroevodione, and its derivatives, 2007. 
Dihydromyrcene, spectrum of, infra-red absorption, and 
structure, 1415. 
2:3-Dihydropsoralene, synthesis of, 2254. 
1:2-Dihydropyrene, 1: 2-dihydroxy-, and its diacetate, 173. 
2:3-Dihydro-f-quinindene, cyanine dyes from, 1895. 
ethiodide, 1897. 
methiodide 3-p-dimethylaminoanil, 1897. 
Dihydrostrychnine, z-hydroxy-, 955. 
Dihydro~/-strychnine, experiments with, 951. 
methyl] ether, 954. 
Dihydroneostrychninephosphorous acid, 956. 
Dihydrothionaphthen sulphone, iodo-, 1617. 
Dihydroisovisnagin, 2264. 
Dihydrovisnagone, and its 2:4-dinitrophenylhydrazone, 2264. 
Diketen, structure of, from conductivity and potential measure- 
ments, 1323. 
1:3-Diketo-2-acetonylindane, 979. 
[rer cremee. 3-amino-, 
2:5-Diketo-3-(4’-amino-2’:5’-dimethoxyphenyl)isoindolino- 
pyrazolidocoline, and its acetyl derivatives, 284. 
6:17-Diketoandrostane, derivatives of, 1043. 
a anetaataaiinai ena itt cat ee 


and its derivatives, and 


2-iodo-, 


hexoyl derivative, 


hexoyl de- 


diacetate, 


3-acetyl derivative, 
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7:12-Diketo-3-carbethoxymethylcholanic acid, 3-hydroxy., 
ethyl ester, 1361. 

7:12-Diketo-3-carboxymethylenecholanic acid, and its diethy) 
ester, 1361. 

—o -chloro-5’-nitrophenyl)tetrahydrophthalazine, 


1:4-Diketo-3-(2’-chlorophenyl)tetrahydrophthalazine, 1029. 

1:4-Diketo-3-(3’-chlorophenyl)tetrahydrophthalazine, 600. 

6:7-Diketocholestane, 3(8)-hydroxy-, 1042. 

2: ee acid, ethyl 
ester, 

2:4-Diketo-1:3-dimethyl-1:2:3:4-tetrahydro-1:3-diaza-acridine- 
5-carboxylic acid, methyl ester, 554. 

2:3-Diketo-1:4-dimethyl-1:2:3:4-tetrahydroquinoxaline, 521. 

1:3-Diketoindane, 2-hydroxy-, 2-acetyl and 2-benzoyl deriv. 
atives, 51. 

Diketolanostane, 990. 

Diketolanostanol, 990. 

Diketolanostanyl acetate, 989. 

Diketolanostene, 990. 

2:4-Diketo-10-methyl-2:3:4:10-tetrahydro-1:3-diaza-acridine- 
5-carboxylic acid, and its methyl ester, 555. 

2:5-Diketo-3-(4’-nitro-2’:5’-dimethoxypheny])iscindolino- 
pyrazolidocoline, 284. 

6:7-Dimethoxyalloxazine, 1930. 

2:6-Dimethoxy-3-allylacetophenone, and its 
acetate, 2264. 

2-(2’:5’-Dimethoxyanilino)isoindolinone-3-acetic acid, 2-4’. 
nitro-, and its methyl ester, 283. 

5:4’-Dimethoxy-3-anisoylflavone, 8-hydroxy-, 8-anisyl deriv- 
ative, 2142. 

2:5-Dimethoxybenzenesulphonic acid, 4-chloro-, 
derivatives, 215. 

3’:7-Dimethoxy-3:4-benzfluorenone-l-carboxylic acid, methyl 
ester, 1269. 

y-(Dimethoxybenzoyl)butyric acid, y-hydroxy-, 1050. 

4:5-Dimethoxybenzylideneacetone, 2-nitro-, 1246. 

Di-o- and -p-methoxybenzylidenesuccinic acids, and their 
anhydrides, 1271. 

<  ieead -chloropheny])-3:4-dihydrophthalazine, 


ene 2:8-dihydroxy-, 2:8-diacetyl deriv- 

ative, 1 

3:4-Dimethoxycinnamic acid, 2-nitro-a-amino-, a-acetyl deriv- 
ative, azlactone, 378. 

5:7-Dimethoxycoumarin, 4-hydroxy-, and its acetate, 174. 

2:2’-Dimethoxydi-a-naphthylmethane, 6:6’-dibromo- and -di- 
cyano-, 263. 

ee, 8-hydroxy-, and its 8-anisyl derivative, 


4-hydroxy-, 


and its 


trans-5:14-Dimethoxy-1:2:9:10:11:18-hexahydrochrysene, 1001. 
5:6-Dimethoxyindole, 2225. 
a hen aes ter mn 4-hydroxy-, and its acetate, 


1; 5-Dimethoxynaphthalene, 2:6-dibromo-, preparation of, 1284. 
— BB -Di-p-methoxyphenyladipic acid, meso-Bf’-dihydroxy-, 
4:7-Dimethoxy-3-phenylcoumarin, 175. 
7:4’-Dimethoxy-3-phenylcoumarin, 4-hydroxy-, and its deriv- 
atives, 175. 
trans-BB’-Di-p-methoxyphenyl-aa’-dihydromuconic acid, 1001. 
4’:7-Dimethoxy-1-phenyl-3:4-dihydronaphthalene, 1269. 
$-(2’:5’-Dimethoxyphenyl)-3:4-dihydrophthalazine-4-acetic 
acid, 1-hydroxy-3-4’-amino-, 282. 
1-hydroxy-3-4’-nitro-, and its derivatives, 282. 
3-(2’ lh gees pt wey SP oar A el 
4-acetic acid, sodium hydrogen salt, 282. 
2’: 28 -Dimethoxy-2-pheny!-I-methylphthalas-4-one, 


2’:5’-Dimethoxy-3-phenyl-4-methylphthalaz-1l-one, 
and 4’-nitro-, and its picrate, 283. 

2’ ee 

4’:7-Dimethoxy-1-phenylnaphthalene, 1269. 

2’:5- and 4’:7-Dimethoxy-1-phenylnaphthalene-2:3-dicarboxylie 
acids, synthesis of, and their derivatives, 1270. 

2(3’: peer re oe Op and its picrate, 187. 

2(3’:4’-Dimethoxyphenyl)-A*-pyrroline, and its picrate, 187. 

4-3’:4’-Dimethoxyphenylsulphonylbenzoic acid, 603. 

2:4-Dimethoxypheny] 2-thienyl sulphone, 526. 


4’ -nitro-, 
4’-amino-, 


4-amino-, 











y+ § 8:4-Dimethoxyphenyl p-tolyl sulphone, 602. 

§-(Dimethoxyphenyl)valeric acid, 5-hydroxy-, 1051. 

byl § 4:5-Dimethoxy-1:2:2’:3’-pyridoacridine, 291. 

6:7-Dimethoxyquinazoline, 2:4-dichloro-. and 2: 4-dihydroxy-, 

1764, 1765. 

$:9-Dimethoxyquinindoline, and its 6-acetyl derivative, 923. 

§:6-Dimethoxy-1-a-quinolylbenztriazole, 923. 

%:3-Dimethoxyquinoxaline, preparation of, 521. 

Dimethyl ether. See Methyl ether. 
sulphide, evolution of, by marine alge, 1591. 

2Dimethylaminoacridine, 1227. 

¢ = 2-Dimethylaminoacridine, 7-amino-, 1227. 

4-Dimethylaminoalloxazine, and its sodium derivative, 1929, 

p-Dimethylaminobenzaldehyde, condensation of, with 4-methy]- 
pyrimidine derivatives, 1715. 
p-Dimethylaminobenz-o-toiuidide, and its picrate, 1604. 

$-p-Dimethylaminobenzylidene-2: 3-dihydro-f-quinindene 
ethiodide, 1898. 

7-Dimethylaminobenzylidene-2:4-diphenyldihydropyrindene 
methiodide, 1898 

4Dimethylaminobutylbenzyl cyanide, 809. 

oo) eer acid, a-amino-, a-benzoyl deriv- 
ative, 88. 

a OO men, and its 

ts, 
its <2 ereee and its picrates, 


4'. | -Dimethylamino-f-diethylaminoethylaniline, 2-nitro-, and its 

picrate, 1929. 

riv- < - [ae and its N-acetyl derivative, 
1229, 


its §3’-Dimethylaminodiphenylamine, 4-amino-, and 4-nitro-, 1230. 
%-Dimethylaminodiphenylamine-2-sulphonic acid, 4-nitro-, 
hemihydrate, 1229. 
7-Dimethylamino-9-methylisoalloxazine, 1929. 
B-p-Dimethylaminophenylalanine, 88. 
y-Dimethylamino-c-phenylbutyric acid, ethyl ester, 809. 
4-[2-(4-Dimethylaminophenyl)ethyl |-6-methylpyrimidine, 
2-chloro-, 2151. 
2-p-Dimethylaminophenylguanidino-6-methylpyrimidine, 


sao 579. 
lamino-a-phenylhexoic acid, ethyl ester, 809. 

$-(4-Dimethylaminostyryl)bensoxasole, 2153 

4-(4-Dimethylaminostyryl)-6-methylpyrimidine, 
acetyl derivative, 2151. 

2-chloro-, 2150. 

2-(4-Dimethylaminostyryl)-8-naphthathiazole, 2153. 

1-(4-Dimethylaminostyryl)phthalazine, 2153. 

4-(4-Dimethylaminostyryl)pyrimidine, and its picrate, 2150. 

4-(p-Dimethylaminostyryl)pyrimidine, 6-chloro-, 2:6-dichloro-, 
and 6-hydroxy-, 1715. 

Sameera nmin mene 6-amino-, and 6-nitro-, 

52. 


2-(4-Dimethylaminostyryl)thiazole, 2153. 

4-(p-Dimethylaminostyryl)uracil, 1715. 

4-p-Dimethylaminostyryluracil, 5-nitro-, 1135. 

Dimethylaminosulphonyl chloride and fluoride, 1316. 

#Dimethylamino-p-toluenesulphonanilide, 1928. 

¢’-Dimethylamino-4:4’:6-trimethyl-2:2’-dipyrimidylamine, and 
its hydrobromide, 596. 

Dimethyl-n-amylsulphonium iodide, 1596. 

Dimethylaniline, derivatives, nitration of, 2169. 

Di-(N-methylanilino)filuorophosphine oxide, 1315. 

2:3-Dimethyl-5-azaquinoxaline, and 7-bromo-, 1391. 

6:8-Dimethyl-3:4-benzfluorenone, 1232. 

2:3-Dimethyl-1:3-butadiene, condensation of, with p-benzo- 
quinone, 1499. 

Dimethyl-2-carboxyethylsulphonium chloride, 1596. 
hydroxide, and its salts, 1591. 

2:2-Dimethylchroman-4-one, 7:8-dihydroxy-, 1612. 

2:3-Dimethyleinchoniniec acid, 6-bromo-, and its picrate, and 
6:8-dichloro-, 108. 

8:5-Dimethyleoumaran, 6-hydroxy-, and its 6-benzyl deriv- 
ative and p-nitrobenzoate, 2259. 

8:6-Dimethylcoumarone-2-acetic acid, a 

8:6-Dimethylcoumarone-2-carboxylic acid, 2 

Dimethyldi-(2-chloroethyl)ammonium Shioride. 2176. 

Dimethyldicyandiamide, 1633. 

™:N®-Dimeth diamide, 1650. 

Dimethyldi-(2-Auoroethyl)ammonium iodide, 2176. 


riv- 





heir 













iv: 


Tiv- 2-amino-, 2- 


tive, 


tate, 


xXY*s 


priv: 
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9:10-Dimethyldihydro-1:2-benzanthracene, dihydroxy-, and ite 
diacetate, 172. 

2:5-Dimethyl-2:5-dineopentyl-1: 4-dioxan, 1329. 
:3’-Dimethyldiphenyl sulphide, 2:6’-dinitro-, 2020. 

4:4’-Dimethyl-2:2’-dipyrimidylamine, 6:6’ dichloro- , and 6:6’. 
dihydroxy-, 596. 

2:4-3:5-Dimethylene mannitol, 1:6-dibromo-, 2203. 

3:6’-Dimethyl-1’-ethylthiaquino-2:2’-carbocyanine iodide, 690. 

3:4-Dimethyl-4-ethylthiazolidine-2-thione, 5-imino-, 1621. 

3:4-Dimethyl-4-ethylthiazolid-5-one-2-thione, 1621. 

a ree synthesis of, and its derivatives, 

6-(2:3-Dimethyl-d-glucuronosido) 2:4-dimethyl-d-galactoside, 
methyl ester, 123. 

Dimethylglyoxime, complex compounds of, with metals, 378. 

Dimethylglyoximepalladium, metallic salts of, 380. 

1:3-Dimethylcyclohexa-3:6-diene-5-one, 2:2:4: 6-tetrachloro-, 2- 
es and 2:2:4-trichloro-6-bromo-, 369, 

5:6-Dimethyl-3-spirocyclohexyldihydrophthalide, 807. 

°° iranian 3:5-dinitrobenzoate, 

Dimethyl D-mannonic acid, phenylhydrazide, 1279. 

Be ap eaeaeapneanea, preparation of, 


Dinesityt-O-(8: 4:6-irinitrophenyl )ethylsulphonium iodide, 1615. 

3: 3-Dimethyinonanecarboxylic acid, and its S-benzylthiouron- 
ium salt, 1745 

3: 3’-Dimethyloxathiacarbocyanine iodide, 690. 

2:2-Dimethyloxazolidine, 5-imino-, 205. 

2:3-Dimethylpentane, heradecafluoro-, spectrum of, infra-red 
absorption, 1432. 

3:3-Dimethylpentanecarboxylic acid, and its S-benzylthiouron- 
ium salt, 1745 

2:2-Dimethylpentan-4-ol 3:5-dinitrobenzoate, 1329. 

1:3-Dimethylphenanthridine, 9-amino-, 1540. 

9:10-Dimethylphenanthridinium bromide, 2-amino-, 
6-amino-, 194. 

N1-4-3’ —7 eee 5isopropyldiguanide 
hydrochloride, 1 

O-Dimethylpiscidic acid, and its derivatives, 259. 


192. 


Dimethyl purpurogallin, 1049. 
3:6-Dimethylpyrazine, 2-amino-, and its 2-propiony] derivative, 
1858. 
2-amino-5-hydroxy-, 2-chloro-, 4-oxide, 2:5-dichloro-, 
2-chloro-5-hydroxy-, and 2-hydroxy-, 4-oxide, 1861, 1862. 
2:5-dicyano-, 1864. 


2:6-Dimethyl-3-pyridazone, chlorination of, 2191. 
2:6-Dimethyl-3-pyridazone, 5-mono-, and 4:5-di-chloro-, 2193. 
2:6-Dimethyl-3-pyridazone-4-carboxylic acid, 2194. 
2:6-Dimethyl-3-pyridazone-5-carboxylic acid, 2193. 
5:11-Dimethylisoquinindoline, 924. 
5:11-Dimethylquinindolinium iodide and methochloride, 924. 


| 2:3-Dimethylquinoline, 6-bromo-, 108. 


[2-(1:6-Dimethylquinoline) |[3-(4-methyldihydro-f-quinindene) }- 
dimethincyanine iodide, 1897. 

3:5-Dimethyl D-ribose phenylosazone, 2036. 

SS ae and its dioxime, 


1:3-Dimethyl-5:6:7:8-tetrahydrophenanthridine, 9-amino-, 1540. 

3:3’-Dimethylthiathiazolinocarbocyanine iodide, 690. 

N’S-Dimethylisothiourea, N-cyano-, 1633. 

8:3-Dimethyltridecanecarboxylic acid, and its S-benzylthio- 
uronium salt, 1745. 

Dimorpholinofluorophosphine oxide, 1315. 

1:5-Di-a-naphthoxypentane, 4’:4’’-dibromo-, 
bromo-, and 4’:4”-dicyano-, 263. 

1:5-Di-8-naphthoxypentane, 6’:6’’-dibromo- and -dicyano-, 263. 
1:3-Di-8-naphthoxypropane, 6’:6’’-dibromo- and -dicyano-, 263. 

2:2’-Dinaphthyl, 4:4’-diamino-, and 4:4’-dihydroxy-, prepar- 
ation of, and their derivatives, 1714. 

1:1’-Dinaphthyl sulphide, 2:4:4’-trinitro-, 2022. 

aB-Di-(2-naphthyl)acrylic acid, 1603. 

Di-2-naphthylchloroarsine, 2210. 

Di-2-naphthylcyanoarsine, 2212. 

1:2-Di-(1- and -2-naphthyl)ethylenes, 1602. 

Dioxan, equilibrium of, with hydrogen chloride and water, 

1460. 


6:12-Dioxa-3:9:15-trithiaheptadecane, 1:17-dichloro-, 43. 
Diphenacyl-p-ethylaniline, 869 


2’:2":4':4"’ tetra- 
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Diphenacyl-p-toluidine, 869. 
Diphenyl, 2-nitro-3’-amino-, 194. 
2-nitro-4-amino-, and 2-nitro-4:4’-diamino-, 4’-acetyl deriv- 
ative, 192. 
8-dinitro-derivatives, preparation of, 264. 
Diphenyl fluorophosphonate, 1014. 
sulphide, 2’-chloro-4:4’-dinitro-2-amino-, and 2:2’-dichloro- 
4:4’-dinitro-, preparation and derivatives of, 1104. 
4:4’-dinitro-2:2’-diamino-, preparation of, 873. 
disulphide, crystal structure of, 323. ; 
mono- and di-sulphides, 2:2’:4:4’-tetranitro-, reductions of, 


1002. 
sulphoxide, 2:2’-dichloro-4:4’-dinitro-, 1105. 
2:2’:4:4’-tetranitro-, 1003. 
NN-Diphenylacetamidine, preparation of, 1522. 
NN’-Diphenylacetamidine, preparation of, 1618. 
1:1-Diphenyl-2-p-acetamidophenylethylene, 1080. 
1:1-Diphenyl-2-p-acetylphenylethylene, 1080. 
DL-Bf’-Diphenyladipic acid, 1000. 
meso-BB’-Diphenyladipic acid, 1001. 
6:9-Diphenylisoalloxazine, 222. 
Diphenylamine, 3-amino-, and its acyl derivatives, 1228. 
3:4’-diamino-, 1229. 
3:3’-diamino- and 3:3’-dinitro-, preparation of, and their 
derivatives, 1004. 
Diphenylamine-2-aldehyde, 1230. 
Diphenylamine-2-carboxyanilide, 5-nitro-, 1230. © 
Diphenylamine-2-carboxyhydrazide, and 5-amino-, 1230. 
Diphenylamine-6-carboxyhydrazide, 3-nitro-, 1230. 
Diphenylamine-2-carboxy-(8-p-toluenesulphon)hydrazide, 
and 5-nitro-, 1230. 
Diphenylamine-2:5-dicarboxylic acid, 34. 
Diphenylarsonous acid, 2-amino-, 2-acetyl derivative, 2209. 
2-chloro-, 2209. 
2:8-Diphenyl-5-azaquinoxaline, 6-amino-, and its acetyl deriv- 
ative, and 7-bromo-, and its trimethiodide, 1391. 
1:1’-Diphenylazopropane, 686. : 
8-1:1’-Diphenylazopropane, s-di-1:1’-p-amino-, 1:1’-p-diacetyl 
derivative, 685. 
NN’-Diphenylbenzamidine, preparation of, 1618. 
aaa, Sane of, 2129. 
Diphenylbutadiene, the data for, 1190. 
1:1-Diphenylbut-2-ene, l-cyano-, 1994. 
1:2-Diphenyl-1-p-chlorophenylethylene, and 1-bromo-, and 
nitro-, 1080, 1081. 
Diphenylcarboxylic acids, 3-nitro-, 2219. 
Diphenyl-2-carboxylic acid, 4-nitro-, methy] ester, 2218. 
Diphenylchloroarsine, 2-amino-, 2-acetyl derivative, 2-chloro-, 
and ds-o-chloro-, 2210. 
ee acids, and their methyl esters, 


Di-5-phenyl-5-cyanoamylformal, 809. 

Diphenylcyanoarsines, amino-, and diamino-, chloro-, and 
dichloro-, 2211, 2212. 

Diphenylcyanoarsinecarboxylic acids, methyl! esters, 2212. 

— spectrum of, absorption, 

NN-Diphenyldicyandiamide, 1634. 

N1:N5-Diphenyldiguanide, N1:N5-di-p-chloro-, 1644. 

BB’-Diphenyl-aa’-dihydromuconic acid, 1000. 

9:10-Diphenyldihydrophenanthrene, 9:10-dihydroxy-, 
plexes of, with pyridinium salts, 385. 

1:1-Diphenyl-2:2-dimethylethylene, 4’:4’’-dibromo- and -di- 
cyano-, 262, 263. 

Diphenyl disulphone, crystal structure of, 324. 

2:2-Diphenylethane, 1:1:1-trichloro-2:2-di-p-amino-, 1458. 
1:1:1-trichloro-2:2-di-4-chloro-, decomposition of, by basic 

substances, 1657. 

1:2-Diphenyl-1-p-ethoxyphenylethylene, 2-bromo-, 155. 

N?:N5-Diphenyl-N*-ethyldiguanide, N*:N5-di-p-chloro-, and its 
hydrochloride, 1641. 

1:1-Diphenylethylene, diamidino-derivatives from, 261. 

1:1-Diphenylethylene, 4’:4’’-dibromo- and -dicyano-, 262. 

2:2-Diphenylethylene, 1:1-dichloro-2:2-di-p-amino-, and _ its 
dibenzoyl derivative, and 1:1-dichloride-2:2-di-p-nitro-, 


com- 


1459. 
NN’-Diphenylformamidine, preparation of, 1618. 
NN’-Diphenylformamidine, di-o- and -m-chloro-, hydro- 


chlorides, 1015. 
N:N’-Diphenylguanylthiourea, N:N’-di-p-chloro-, 1643. 
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1:4-Diphenylhexa-1:5-diene, 1116. 
spectrum of, absorption, 1124. 
3:4-Diphenylhexa-1:5-diene, 1116. 
3:4-Diphenyl-n-hexane, derivatives, synthesis of, 684. 
3:4-Diphenyl-n-hexane, pp’-diamino-, and its derivatives, 685, 
pp’ -dibromo-, pp’-dihydroxy-, pp’-dinitro-, and trinitro-, 686, 
Diphenylmethane, oxidation of, by chromic acid, 1670. 
Diphenylmethane, 5-chloro-2-amino-, and its derivatives, 297. 
5-nitro-2-amino-, and its 2-acetyl derivative, 298, 299. 
Diphenylmethane-2-arsonic acid, 5-chloro-, 298. 
N1:N®-Diphenyl-N?-methyldiguanide, N*:N5-di-p-chloro-, and 
its hydrochloride, 1641. 
alc 4’:4’-dibromo- and -dicyano., 


3:3-Diphenyl-5-methyl-2-ethylidenetetrahydrofuran, 1994. 
3:3-Diphenyl-5-methyl-2-ethyltetrahydrofuran, 2-hydroxy-, and 
its 2-acetyl derivative, 1994. 
3:3-Diphenyl-5-methyltetrahydroturan, 
2-acetyl derivative, 1994. 
1:1-Diphenyl-2-p-nitrophenylethylene, 1081. 
2:2-Diphenyl-1-p-nitrophenylethylene, 1-bromo-, 1081. 
2:2-Diphenylpent-4-en-1-carboxyamide, 1994. 
1:1-Diphenyl-2-p-propionamidophenylethylene, 1080. 
1:1-Diphenyl-2-p-propionylphenylethylene, 1080. 
Di-3-phenylpropylformal, di-3-cyano-, 808. 
a acres 2-amino-, and its derivatives, 1858, 


Dipheny] disulphide-pp’-bis(dichloro)arsine, 375. 

Diphenyl disulphide-pp’-diarsonic acid, 375. 

Diphenyl sulphone, 2:2’-dichloro-4:4’-dinitro-, 1105. 
p-cyano-, 382. 

Diphenyl-4’-sulphonic acid, 3-amino- and 3-nitro-4-hydroxy-, 
and 4-hydroxy-, and its sodium salt, 216. 

CN-Diphenylsydnone, 2309. 

ay-Diphenyltetronic acid, 49. 

1:1-Diphenyl-2-p-n-valerylphenylethylene, 1080. 

Diphenylylguanidino-6-methylpyrimidine, 4-hydroxy-, 579. 
Diphenylyl-N*-isopropyldiguanide, 1635. 

Dipiperidinoanthanthrone, 1181. 

Dipiperidinofluorophosphine oxide, 1315. 

2:6-Dipiperidino-4-methylpyrimidine, 2151. 

2:6-Dipipe nitrostyrylpyrimidine, 5-nitro-, 1134. 

2:6-Dipiperidin Ipyrimidine, 5-nitro-, 1132. 

Dipole moments of C- and N-substituted sydnones, 2269. 

Di-p-n-propoxyphenyl-p-ethoxybenzylcarbinol, 155. 

Dipropyl fluorophosphonates, 1012. 

Di-n-propyl sulphide, 2:2’-dichloro-, and 2:2’-dihydroxy-, 39. 

Diisopropy! fluorophosphonate, 695. 

aaa caret 


2-imino-, and its 


Di-n-propylcyanogold, structure of, 64. 

N1:N®-Diisopropyldicyandiamide, 1650. 

2:2-Di-n-propyldiethyl sulphide, 2:2’-di-2-chloro-, and 2:2’-di- 
2-hydroxy-, 41. 

Ditsopropylideneglyoxal, structure of, 763. 

2:2’-Di-(2-propylthio)diethyl ether, 2:2’-di-2-chloro-, and 2:2’- 
di-2-hydroxy-, 41. 

2:2’-Di-(n-propylthio)di-n-propyl sulphide, 2:2’-di-2-chloro-, 
and 2:2’-di-2-hydroxy-, 41. 

2:2’-Di-(n-propylthio)diisopropyl ether, 42. 

ae 1:2-di-2-chloro-, 

ydroxy-, 46. 

2:6’-Diquinolyl, 2010. 

2:6’-Diquinolyl-4-carboxylic acid, 2010. 

Disalicylides, stereochemistry of, 891. 

Dissociation, electrolytic. See under Electrolytic. 

Distillation apparatus, 2289. 

4:6-Distyrylpyrimidine, 2-chloro-, 2151. 

Diterpenes, 1888. 

2:2’-Dithienyl disulphide, preparation of, 770. 

Di-2-thienylcyanoarsine, 2212. 

2:4-Dithio-5-w-carbethoxy-n-butylhydantoin, 2033. 

N-Dithiocarbobenzyloxyaminomalonic acid, ethyl ester, 1059. 

N-Dithiocarbobenzyloxy-8f-diethoxyalanine, and its methyl 
ester, 1059. 

N-Dithiocarbobenzyloxyglycine, and its benzylamide, 1058. 

N-Dithiocarbocarbethoxyglycine, 1060. 

2:4-Dithio-5-1’-ethyl-n-amylhydantoin, 2032. 

— and its monoacetyl derivative, 

032. 


and = 1:2-di-2- 
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2:4-Dithiohydantoin, and its 1:3-diacetyl and 5-isopropylidene 
derivatives, 206. 

4:8-Di-p-toluidino-2-tert.-butylanthraquinone, 
diamino-, 1629. 

Di-p-tolyl disulphide, crystal structure of, 323. 

Ditolylarsonous acids, 2209. 

Ditolylcyanoarsines, 2211. 

Di-p-tolyl disulphone, crystal structure of, 325. 

NN’-Ditolylformamidines, hydrochlorides, 1015. 

Di-p-toluylidenesuccinic acid, and its anhydride, 1271. 

Diuridine-2’:2’ phosphate, synthesis of, 1532. 

meso-aB-Divinyldibenzyl, 1111. 

meso-af-Divinyldibenzyl series, isomorphism and molecular 
configuration in, 1118. 

n-Dodecoic acid, n-butyl and n-propyl] esters, 631. 

Dyes, acid, blue, from amino- and nitro-butylanthraquinones, 
1627. 


6-bromo-1:5- 


Egg-plum gum, structure of, 120. 
Electrical conductivity of oxides and spinels at high temper- 
atures, 1729. 
Electrodes, antimony, behaviour of, in air, 752. 
out of contact with air, 756. 
copper, potential of, 740. < 
in copper sulphate solution, 749. 
metallic, 740, 749, 752, 756, 759. 
Electrolytic dissociation, 1051. 
Electronegativity of bonded groups, 399. 
Electrostatic energy. See under Energy. 
Elements, periodic system of, new, 318. 
radioactive. See under Radioactive. 
Elimination reactions, mechanism of, 2038, 2043, 2049, 2055, 
2058, 2065, 2072, 2077, 2084, 2090, 2093. 
Energy, binding, in hydrocarbons, 1448. 
bond and dissociation, 398. 
electrostatic, differences, application of the method of, 1197. 
1:2-Epoxy-2:4:4-trimethylpentane, 1329. 
2:3-Epoxy-2:4:4-trimethylpentane, 286. 
Epoxy-2:4:4-trimethylpentanes, reaction of, with sulphuric 
acid, 1332, 1333. 
1:2-Epoxy-2:4:4-trimethylpentan-3-ol, 287. 
Ergosta-8(9):14-dien-3(8)-yl benzoate, 793. 
Ergostan-3(f)-yl benzoate, 1356. 
Ergost-7-en-3-one, 793. 
Esters, aliphatic, carboxylic, parachors and refractivities of, 
624. 
preparation of, 628. 
containing nc parm 695, 699. 1010, 1313. 
reaction of, with amines, 1989. 
Ethane, 1:1:1-trichloro-2:2-diamino-, 2:2-dibenzoyl and -di-p- 
toluoy] derivatives, 2322. 
dichlorotetrafluoro-, and iodopentafiuoro-, 2190. 
1:1:1-trifluoro-, spectrum of, infra-red absorption, 1428. 
Ethers, parachors and refractivities of, 616. 
reparation of, 617. 





rative, 





“ B ’=%-Ethoxycholesterol, and its benzoate, 1802. 
Ethoxydihydrothionaphthen sulphone, 1617. 
2-Ethoxy-4-(4-dimethylaminostyryl)-6-methylpyrimidine, 2151. 
2-Ethoxy-3:6-dimethylpyrazine, 4-oxide, and 2-chloro-, 1861. 
2-Ethoxydiphenyl ether-5:4’-dialdehyde, 2173. 
1-Ethoxyhexylideneaminoacetonitrile, 1970. 
a-(1-Ethoxyhexylideneamino)-f-benzoyloxyacrylonitrile, 1970. 
1-(a’-Ethoxyhexylideneamino)--hydroxyacrylonitrile,  potas- 
sium salt, and 2:4-dinitrophenylhydrazone, 1970. 
2-Ethoxy-6-methyl-3-chloromethylpyrazine, 1861. 
1l-Ethoxy-5-methyl-5:11-dihydroquinoline, 11-amino-, 921. 
Ethoxymethylenemalonic acid, diethyl ester, reaction of, with 
arylamines, 893. 
4-Ethoxymethylenethiazol-5-one, 2-mercapto-, 204. 
?-Ethoxy-6-methyl-3-ethoxymethylpyrazine, 1861. 
?Ethoxy-6-methyl-3-hydroxymethylpyrazine, 1862. 
2-Ethoxy-3-methylquinoxaline, and its picrate, 522. 
+-Ethoxy-2-methylquinoxaline 1-oxide, 522. 
p-Ethoxyphenylacetic acid, ethyl ester, preparation of, 152. 
Ethoxyphenyl-1:1-di-n-propoxyphenylethylene, 155. 
Ethoxyphenyl-N‘-isopropyl-N*-n-butyldiguanide, and its 
hydrochloride, 1652. 
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N'-p-Ethoxyphenyl-N*-isopropyldiguanide hydrochloride, 1635. 
. eee acid, ethyl ester, preparation of, 


2-(3’-Ethoxypropyl)cyclohexanone, and its derivatives, 1374. 
2-(3’-Ethoxypropyl )cyclohexanone-2-carboxylic acid, ethy] ester, 
and its 2:4-dinitrophenylhydrazone, 1374. 
> pias eatin tee and its derivatives, 
1 <7 
cis-2-(3’-Ethoxypropyl)cyclohexylbenzamide, 1375. 
trans-Ethoxypropylcyclohexylformamide, 1375. 
2-(3’-Ethoxypropyl)pimelic acid, 1374. 
.- \e oxidation of, with hydrogen peroxide, 
2-Ethoxypyridine 1-oxide, and its derivatives, 1866. 
2-Ethoxyquinoline 1-oxide, and its derivatives, 1865. 
$-Ethoxyquinoxaline 1-oxide, 521. 
8-Ethoxyquinoxaline, 2-chloro-, and 2-hydroxy-, 522. 
Ethyl ally] sulphilimine, 2-chloro-, 2179. 
3-chloroallyl sulphide, 2-chloro-, and 2-hydroxy-, 2181. 
2-chloro-n-propyl sulphide, 2-chloro-, 41. 
2-chloroisopropy] sulphide, 2-chloro-, 47. 
dichloro- and Sitners-gheaphonites, 703. 
Ethyl ether, pure dry, preparation of, 1163. 
Ethyl ether, 2-hydroxy-2’-mercapto-, 43. 
Ethyl hepty! sulphide, 2-chloro-, 2178. 
2-hydroxypropyl sulphide, 2-hydroxy-, 41. 


2-hydroxyisopropyl sulphide, 2-hydroxy-, 40. 
hedaeenaeenst coighidsa, 2-hydroxy-, and their bis-p-nitro- 
benzoates, 47. 


n-nonyl sulphide, 2-chloro-, 2178. 
n-undecy] sulphide, 2-chloro-, and 2-hydroxy-, 2178. 

1-Ethylacenaphthyleno(7’:8’:2:3)-indole, 1248. 

5-1’-Ethyl-n-amylhydantoin, 2032. 

4-1’-Ethyl-n-amylthiazole, 5-amino-2-mercapto-, and _ its 
5-acetyl derivative, 2032. 

[2-(8-Ethyl-6:7-benzbenzoxazole) |[2-(3-ethyl-6:7-benzbenz- 
thiazole) |[ yf’-dimethin-2’-(3’-ethyl-6’:7’-benzbenzthiazole) |- 
trimethincyanine diiodide, 1882. 

[2-(3-Ethyl-6:7-benzbenzthiazole) |[2-(3-ethylbenzselenazole) |- 
(yB’-dimethin-2’-(3’-~ethyl-6’:7’-benzbenzthiazole) |trimethin- 
cyanine diiodide, 1883. 

[2-(3-Ethylbenzoxazole) }[2-(3-ethylbenzselenazole) |[yf’- 
Se yee diiodide, 


1883. 
[2-(3-Ethylbenzoxazole) |(2-(3-ethylbenzthiazole) |[ 8’ -di- 
--—-- ai ila crccememenan, renee caaee diiodide, 
[(2-(8-Ethylbenzoxazole) |[2’-(3-ethylbenzthiazole) }[y-2’’-(3- 
ethylbenzoxazole) |pentamethincyanine diiodide, 695. 
[2-(3-Ethylbenzoxazole) |[3-(4-ethyldihydro-f-quinindene) |- 
dimethincyanine iodide, 1898. 
[2-(3-Ethylbenzoxazole) }[2’-(1-ethyl-6-methylquinoline) |- 
| i eae diiodide, 


: [2-(8-Ethylbenzselenazole)|[2’-(1-ethylquinoline)][ y-2”-(3- 


ethylbenselenazole) |pentamethincyanine diiodide, 695. 
[2-(8-Ethylbenzthiazole) }[2’-(1:6-dimethylquinoline) }[ y-2’’- 
(8-ethylbenzthiazole) |pentamethincyanine diiodide, 695. 
[2-(8-Ethylbenzthiazole) |[2’-(3-ethylbenzoxazole) |[ y-2’’- 
(3-ethylbenzthiazole) |pentamethincyanine diiodide, 695. 
[2-(3-Ethylbenzthiazole) |[2-(3-ethylbenzselenazole) |-a-anilo- 
methyltrimethincyanine iodide, 1884. 
[2-(3-Ethylbenzthiazole) |[2-(3-ethylbenzselenazole) |[a’-di- 
pal lear areca tmanmera ree: diiodide, 
[2-(3-Ethylbenzthiazole) |[2-(3-ethylbenzselenazole) }[ yf’-di- 
methin-2’-(3’-ethylbenzthiazole) |trimethincyanine diiodide, 


1883. 

[2-(3-Ethylbenzthiazole) }[3-(4-ethyldihydro-f-quinindene) |di- 
methincyanine iodide, 1898. ' 

[2-(3-Ethylbenzthiazole) |[2’-(3-methylbenzselenazole) }[ y-2’’- 
(3-ethylbenzthiazole) |jpentamethincyanine diiodide, 695. 

[2-(8-Ethylbenzthiazole) |(2’-(3-methylbenzthiazole) |[ y-2’’-(3- 
ethylbenzthiazole) |pentamethincyanine diiodide, 694. 

Ethyl 2-bromoethyl ketone, 1-chloro-, 280. 

Ethylearbamic acid, 2-chloro-, 3-chloroallyl ester, 2182. 
N-nitro-2-chloro-, N-nitroso-2-bromo-, methyl esters, and 

N-nitroso-2-chloro-, ethyl ester, 2320, 2321. 
2-Ethylcarbamylphenylthioacetic acid, 84. 
Ethyl 2-chloroethyl ketone, 1-chloro-, 280. 
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3-Ethylcinnoline, 4-hydroxy-, 2319. 

Ethylcyanamide, 2-chloro-, 2321. 
1’-Ethyl-1’:5’-diaza-2:3-pentamethylenequinoxaline, 781. 
Ethyldicyandiamide, 1633. 

Ethyldi-(2-fluoroethy!l)amine, 2-chloro-, and its picrate, 2176. 
Ethyldimethylsulphonium salts, olefin formation from, 2072. 
Ethyl-1:2-diphosphonic acid, os 702. 

Ethylene, catalytic reaction of, with benzene, 73. 
Prins reaction with, 89. 

Ethylene, tetraiodo-, reaction of, with bromine trifluoride, 
2188. 

Ethylenes, photochemical reactions of, with phenanthrs- 
quinone and with 1:2:3-triketones, 2126. 

Ethylene dinitroamine. See s-Bisnitroaminoethane. 

Ethylene glycol bisfluoroacetate, 1779. 

Ethylene sulphide, reactions of, 1894. 

A a Ye and its salts, 305. 

3-endoEthylene-1:2:3:4-tetrahydronaphthalene, and its 

"pidkamaiedaeaies, 979. 

Ethylenic compounds, parachors and refractivities of, 658. 

Ethylguanidine sulphate, 1642. 

2-Ethyl-n-hexanal cyanohydrin, and its hydrochloride, 2032. 

2:4-Ethylidene D-sorbitol, and its acetyl derivatives, 1935. 

2-Ethylindole, picrate, 275. 

Ethylmalonic dideuteracid, 1088. 

Ethylmercuric iodide, pentafluoro-, 2190. 

o-Ethylphenylcarbamic acid, ethyl ester, 878. 

Ethylphosphonic acid, diethyl ester, 702. 

Ethylphosphonic acid, 2-fluoro-, diethyl ester, 702, 703. 

3-Ethyl-2-n-propylcinchoninic acid, 109. 

N}-Ethyl-N?-isopropyldicyandiamide, 1650. 

gn ae commen Oe geal 
2’-(1’-ethylquinoline) |trimethincyanine diiodide, 1 

[8-(1. Bthylaninoline)[2-(2-ethylbenathiazole)]-y-cnilomethyl- 
trimethincyanine iodide, 1884. 

[4-(1-Ethylquinoline) ][2-(3-ethylbenzthiazole) |-y-anilomethyl- 
trimethincyanine iodide, 1883. 

[2-(1-Ethylquinoline) |[2-(3-ethylbenzthiazole) |[ y8’-dimethin- 
2’-(3’-ethylbenzselenazole) |trimethincyanine diiodide, 1886. 

[2-(1-Ethylquinoline)][2-(3-ethylbenzthiazole)][’-dimethin- 
2’-(3’-ethylbenzthiazole) |trimethincyanine dtiodide, 1882. 

[4-(1-Ethy Iquinoline) |[2-(3-ethylbenzthiazole) |[«’-dimethin- 
2’-(3’-ethylbenzthiazole) cyanine diiodide, 1881. 

[2- and 4-(1-Ethylquinoline)][2-(3-ethylbenzthiazole)][ yf’=di- 
- ~ atammeaarrvy emer aneumnen mu diiodides, 


OS OS Laie 
2’-(1’-ethylquinoline) |trimethincyanine diiodide, 1882. 
[2(thglquioling)2-(athybensthaaoe) 6 -dimethin- 
4’-(1’-ethylquinoline) |trimethincyanine diiodide, 1886. 
[4-(1-Ethylquinoline) ][2-(3-ethylbenzthiazole) |[y8’-dimethin- 
4’-(1’-ethylquinoline) |trimethincyanine diiodide, 1882. 
[4-(1-Ethylquinoline) ][2-(3-ethylbenzthiazole) |[ yf’-dimethin- 
a diperchlorate, 


[2 ~~ ~Stan t oy  eaaeaene dtieeel 
dimethinecyanine iodides, 18' 
[2-( 1 Mehylotinelina)f4-(l-ethyignimoline) vf" -dimethin-2’- 
(1’-ethylquinoline) |trimethincyanine diiodide, 1880. 
[4-(1-Ethylquinoline) ][2-(3-ethyl-A*-thiazoline) |-y-anilomethyl- 
trimethincyanine iodide, 1886. 
[4-(1-Ethylquinoline)|[2-(3-ethyl-A?- thiazoline) |[y8’-dimethin- 
2’-(3’-ethylbenzthiazole) |trimethincyanine diiodide, 1886. 
[4-(1-Ethylquinoline) |[2-(3-ethyl-A?-thiazoline) |[ yf’-dimethin- 
4’-(1’-ethylquinoline) |trimethincyanine diiodide, 1883. 
(4-(1-Ethylquinoline) |[2-(3-ethyl-A?-thiazoline) |[a8’-dimethin- 
(crete diperchlorate, 
(4-(1-Ethylquinoline) |[2-(3-ethyl-A*-thiazoline) ][y8’-dimethin- 
2’-(3’-ethyl-A*’-thiazoline) |trimethincyanine  diperchlorate, 


1886. 
Sa -thiazoline) |trimethin- 
c 
[2- and vo a ee yo” eae 
anilomethyltrimethincyanine iodides, 1884 
(2-(L-Bthylauinoine)}[2-(4-mothyl-2-ethythiasole)irimethin- 
e iodi 
rene 
cyanine iodide, 1 
O-Ethylrepandine Yimothiodide, 2173. 
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a-Ethylstilbene, photochemical reaction of, with phenanthra. 








quinone, 2128. — 
1-Ethyl-1:2:3:4-tetrahydro-1:4:9:10-tetra-aza-anthracene, and J 474) 
its dihydrochloride, 781. Finori 
[2-(8-Ethyl-A*-thiazoline) |[2-(3-ethylbenzthiazole) }-a-anilo- Fluor 
methyltrimethincyanine iodide, 1885. este 
[2-(2-Bthyl-A*-thiasoline)][2-(3-ethylbensthiazole))-y-anilo~ Pence 
methyltrimethincyanine iodide hyd 
[2+(8-Bthyl-A*-thiasoline)][2-(@-ethylbenathiazole)][of'-Ai Pt 
—~* ~(3’-ethylbenzthiazole) jtrimethincyanine diiodide, Form: 
[2-(8-Ethyl-A*-thiazoline)][2-(3-ethylbenzthiazole) I[y'- “a 
— -2’-(3’-ethylbenzthiazole) |trimethincyanine diiodide, Poe. 
[2-(8-Ethyl-A*-thiazoline)][2-(8-ethylbenzthiazole) Jl yf’=di- — 
yo me rg —" thiazoline)|trimethincyanine  diper- For 
chlora : 
[2-(8-Ethyl-A*-thiazoline)][2-(8-ethylbenzthiazole) trimethin- ff. mo, 
cyanive iodide, 1887. hyd 
[2-(-Ethyl-A?-thiazoline)][2-(4-methyl-3-ethylthiazole)}-y- fv vo 
anilomethyltrimethincyanine iodide, 1885. 2-For 
[2-(3-Ethyl-A?-thiazoline)][2-(4~methyl-3-ethylthiazole)][7f’- hyd 
a ~ethyl-A”-thiazoline)|trimethincyanine diper- # ¢ Foy. 
chlora 
(2-(8-Bthyl-A*-thiazoline)][2-(4-methyl-B-ethylthiazole)tri- s-For 
methincyanine iodide, 1887. hod 
B-Ethylthioacrylic acid, a-amino-, hexoyl derivative, and its ote 
ethyl ester, 1967. 2-For 
<- eee a-amino-, hexoyl derivative, 9-For 
 ~  eeepenncon: N-a-amino-, hexoyl derivative, io 
N-{B-Ethylthioacrylyl)-p-penicillamine, N-a-amino-, hexoy - 
derivative, 1968. 2-For 
< ees a-amino-, hexoyl derivative, desl 
N-Ethylthiobenzamide, N-2-hydroxy-, 1923. — 
2-Ethylthio-4-benzylidenethiazolone, 1059. Fracti 
4 ~~~ * menaememanm 1-2’-chloro-, and 1-2’- Fried 
yaroxy-, . 
2’-(Ethylthio)diethyl ether, 2-mercapto-2’-2-hydroxy-, 44. — 
2-Ethylthio-4-ethoxymethylenethiazolone, 1060. Furar 
2-(Ethylthio)ethylearbamic acid, 2-2-chloro-, and N-nitroso- Furar 
2-2-chloro-, methyl esters, 2320. eras 
2-Ethylthio-4-hydroxymethylenethiazolone, 1060. eset 
Ethylthiol, 2-amino-, 2-benzoyl derivative, 1924. Ne-3 
3-Ethylthio-6-methylpyridazine, 2200. 2-(2'= 
2-2’-Ethylthio-1-methylvinylbenzthiazole methiodide, 689. ) 
4-(Ethylthio)phenylarsonic acid, 4-2-hydroxy-, 375. 
p-(Ethylthio)phenyldichloroarsine, p-2-chloro-, 374. 
a-(2-Ethylthio)propaldehyde, a-2-hydroxy-, and ita diethy]- 
acetal, 40. 
B-Ethylthiopropionic acid, 1969. e-Gal: 
a 5-amino-, and its hydrochloride, and 4-p-G 
-nitro-, q 
2-2’-Ethylthiovinylbenzoxazole methiodide, 689. a... 
2:2’-Ethylthiovinylbenzthiazole, metho-salts, 689. Gallix 
2-2’-Ethylthiovinylquinoline, metho-salts, 689. (—)-€ 
Ethynylpropenyilcarbinol, kinetics of acid-catalysed rearrange- 
ment of, in solvent mixtures, 1982. eols 
Evodia elleryana, ketone from, 2005. solu 
Evodione, constitution of, 2005. li 
Gerar 
Ginks 
F Gluca 
9-D-G 
Fabiatrin hezaacetate and dihydrate, 1672. a 
synthesis of, 1671. 6-a1 


Films, soluble, at air-liquid and liquid—liquid interfaces, 
vertical-plate measurements with, 930. 

Filters, column, revivable, for spent catalysts, 1091. 

Fluoranthene, synthesis of, 1139. 

Fluorene, condensation of, with acetone, 1137. 

Fluorene-1-carbonylacetoacetic acid, 9-bromo-, and 9-chloro-, 
ethyl esters, 1141. 

3-(Fluorene-1-carbonyl)butan-2-one, 3-9-chloro-, 1141. 

Fluorene-1-carboxylic acid, and its amide, 1140. 

Fluorene-l-carboxylic acid, 9-bromo-, 9-chloro-, and 9-iodo, 

and their derivatives, 1140, 1141. 
















and 


thyl- 


nge- 


oro-, 
















9-Fluorenol-1-carboxylic acid, 1140. 
Fluorenone-1-carboxylic acid, ethyl ester, and its derivatives, 


1141. 
Fluorine compounds, toxic, containing C—F link, 1773. 
Fluorophosphonic acid, diisopropyl ester, 695. 
esters, 1010. 
go me yield of, from periodate oxidation of carbo- 
hydrates, 994 
Formamidines, s-disubstituted, 1716. 
Formic acid, detection of, in mixtures with aliphatic mono- 
basic acids, 1015. 
ethyl] ester, formylation of amines with, 1457. 
Formic acid, chloro-, 3-chloroallyl ester, 2182. 
fluoro-, ethyl ester, 1778. 
ethyl leak: pheny] esters, 2186. 
2-Formyl-4-carbomethoxyphenoxyacetic acid, 3-hydroxy-, and 
its ethyl ester, and its 2:4-dinitrophenylhydrazone, 1 6. 
5-Formylcoumaran, 6-hydroxy-, and its 2:4-dinitrophenyl- 
hydrazone, 2257. 
N-Formyldi-(2-chloroethyl)amine, N-chloro-, 2174. 
2-Formy!-3:6-dimethylcoumarone, and its 2: 4-dinitrophenyl- 
hydrazone, 2260. 
6-Formyl-4:7-dimethyl-2-isopropylhydrindan-5-one, and its di- 
semicarbazone, 167 
$-Formyldiphenylarsonous acid, and its 2:4-dinitrophenyl- 
hydrazone, 2209 
3-Formyldiphenyleyanoarsine, 2211. 
2-Formylethylideneaniline, 2:4’-dinitro-, 2026. 
2-Formylethylidenetoluidines, mono- and di-nitro-, 2026. 
5-Formyl-3-methylcoumaran, 6-hydroxy-, and its 2:4-dinitro- 
phenylhydrazone, 2259. 
ee 6-hydroxy-, and its derivatives, 


< acid, 5-hydroxy-, 5-benzyl 
derivative, and its ethyl ester, 2258. 
2-Formylphenoxyacetic acid, 5-hydroxy-, 5-benzyl derivative, 
and its ethyl ester, 2257. 
agents for starch, 1687. 
Friedel-Crafts reaction in preparation of halogenated aliphatic 
ketones, 278. 
Fumaric acid, esters, 665. 
Furan, derivatives, formation of, from sucrose, 155. 
Furano-compounds, 115, 2254, 2260. 
Furano(2’:3’:6:7)dihydrobenzfuran-3-one, and its semicarb- 
- azone, 895. 
N-2-Furfuryl-N’-methylacetamidine, 1521. 
2-(2’-Furyl)-A*-pyrroline, and its picrate, 188. 


G. 
e-Galactan, and its derivatives, 775. 


4-p-Galactopyranosidamino-2-methylthiopyrimidine, 6-amino-, - 


962. 
Gallium, reaction of, with nitrosyl chloride, 1955. 
Gallium trichloride, reaction of, with nitrosyl chloride, 1955. 
(—)-Gallocatechin gallate, 2253. 
Gases, adsorption of, on minerals, 135. 
solubility of, measurement of, 2033. 
— and diffusion of, in polystyrene at high pressures, 
541 
Geranamide, spectrum of, infra-red absorption, 1415. 
Ginkgetin, structure of, 2138. 
Glucamine, deamination of, to 1:4-anhydrosorbitol, 299. 
9-p-Glucopyranosidoadenine, synthesis of, 965. 
9-p-Glucopyranosido-2-methylthioadenine, 966. 
4-p-Glucosidamino-5-(2’:5’-dichlorobenzeneazo)pyrimidine, 
6-amino-, and its 4-tetra-acetyl derivative, 967. 
4-p-Glucosidamino-2-methylthiopyrimidine, 6-amino-, and its 
penta-acetyl derivative, 966. 
4-p-Glucosidaminopyrimidine, 6-amino-, 966. 
5:6-diamino-, and its 4-tetra-acetyl derivative, 967. 
2-8-Glucosidoxy-5-methoxybenzoic acid, methyl ester, hemi- 
ydrate, 2222, 
4. te 6-Glucuronosidogalactoses, 1141. 
Glycerides, natural, mixed, configuration of, 722. 
X-ray and thermal examination of, 985. 
Glycerol, photochemical oxidation of, by dichromate, 2119. 
4-Glycofuranosidaminopyrimidines, preparation of, 957. 
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riments with, 995. 
diffusion and “ultracentrifugal characteristics of, 


Glycogen, ¢ 
methyla 
1567. 

Glycosides, synthesis of, 1671, 2220. 
Glyoxal, bond strengths in, 404. 
sulphate, preparation of, 764. 
Glyoxaline, M(8)-amino., and 4(5)-amino-2-mercapto-, 
benzoy] derivatives, 1266. 
Glyoxalines, 1960. 
Gomberg reaction, 349. 
Grignard reagents, effect of impurities in magnesium on form- 
ation of, 1597. 
, amino-, reaction of, with isatin, 2314. 
ee and 5-chloro-, and their salts, 


rae 5:6-dichloro-, and its salts, 1369. 
2-Guanidino-5:6-dimethoxybenziminazole, and its salts, 1368. 
2-Guanidino-5:6-dimethylbenziminazole, and its salts, 1369. 
2-Guanidino-5-methoxybenziminazole, and its salts, 1368. 
2-Guanidino-5-methylbenziminazole, and its salts, 1368. 
2-Guanidino-6-methylpyrimidine, 4-hydroxy-, 592, 596. 
Guanine, dissociation constants of, 765. 

Guanosine, synthesis of, 1685. 

Guanylthioureas, conversion of, into diguanides, 1645. 
Guanylurea formate, 1369. 

Gum gatto. See Carob gum. 


4(5)- 


H. 
a kinetics of addition of, to unsaturated compounds, 


kinetics of substitution by, i in aromatic compounds, 100. 
parachors and refractivities of, 644. 
Halogen compounds, bond strengths in, 404 
Halogeno-ketones, 272, 276, 278. 
Heat of ionisation of organic acids, 1016, 1019. 


n-Heptane, hezadecafluoro-, spectrum of, infra-red absorption, 


Hept-2-enyl —_ §-nitro-, 230. 
n-Heptoic acid, adsorption of, a solution, by calcined and 

hydrated alumina powders, 96 
Heptyl cyanide, 5-nitro-, 230. 
a-n-Heptylpelargonic acid, a-amino-, 1388. 
p-n-Heptylsulphonylbenzylammonium chloride, 382. 
p-n-Heptylsulphonylphenyl cyanide, 383. 
Heterocyclic compounds, chemistry of, 360. 

syntheses of, 1537. 

by Hofmann reaction, 523. 
p-n-Hexadecylsulphonylbenzylammonium chloride, 382. 
p-n-Hexadecylsulphonylphenyl cyanide, 383. 
Hexadeuterobenzene, ——- of, absorption, ultra-violet, 433. 
fluorescence, ultra-violet, 440 

cycloHexa-1:3-dione, as reagent for aldehydes, 1371. 
3-Hexahydrobenzamido-2:4-diketopyrrolidine, 1959. 
cis- and trans-Hexahydrochrysenes, 1001. 
Hexahydrodichanostrychnidine, 1665. 
Hexahydrophenanthridone, 1294. 
a chloride trihydrate, structure of, 


n-Hexane, thermal decomposition of, 2226. 
— l-nitro-, preparation and physical properties of, 
cycloHexane, hezachloro-, stereoisomers, spectra of, infra-red 
a on, 1420. 
1:2-di — l1-nitro- and -1-nitroso-, 2321. 
dodecafluoro-, spectrum of, infra-red absorption, 1432. 
cycloHexanol, as ionating agent for starch, 1687. 
cycloHexanone, 2-chloro-, oxime, 2321. 
6:6-cycloHexenopyrimidine, 2-cyanoamino-4-hydroxy-, 579. 
Hex-2-enyl cyanide, 5-nitro-, 230. 
=o 2-hydroxy-, 2-acetyl derivative, hydrolysis of, 
n- and iso-Hexeestrols, 686. 
DL-N-Hexoylcysteine, 1969. 
3-Hexoyl-3-methylbutanecarboxylic acid, 1745. 
cycloHexyl bromide, chloride, and iodide, preparation and 
properties of, 1811. 
N. Hexyl-1-amidino-n-heptane, preparation of, 308. 
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2-cycloHexylamino-4-(4-dimethylaminostyryl)-6-methyl- 
pyrimidine, 2151. 
cycloHexylaminophosphonic acid, dibenzhydry] ester, 1110. 
4-cycloHexylbut-2-enyl cyanide, 4-l-nitro-, 230. 
4-cycloHexylbutyl cyanide, 4-1-nitro-, 230. 
cycloHexylcarbamic acid, ethyl and methy] esters, 881. 
2-n-Hexylcinchoninic acid, and 6-bromo-, and 6:8-dichloro-, 
109. 
cycloHexyldicyandiamide, 1633. 
N-cycloHexyl-N’-ethylacetamidine, and its hydrochloride, 1521. 
N-cycloHexyl-N’-ethylpropionamidine, and its hydrochloride, 
1521. 
N-cycloHexyl-N’-methylacetamidine, 1521. 
hydrochloride, 1522. 
a-cycloHexylmethylaminobutyric acid, and its derivatives, 316. 
a-cycloHexylmethylamino-f-hydroxybutyric acid, 316. 
2-cycloHexyl-6-methylheptane, 48, 49. 
N-cycloHexylphenylacetamidine, preparation of, 308. 
2-n-Hexylquinoline, and 6-bromo-, 6:8-dichloro-, and 6:8-di- 
chloro-4-hydroxy-, and their picrates, 109. 
p-n-Hexylsulphonylbenzylammonium chloride, 382. 
p-n-Hexylsulphonylphenyl cyanide, 383. 
N-cycloHexylsydnone, 2309. 
4-n-Hexylthiazole, 5-amino-2-mercapto-, and its derivatives, 
2032. 
n-Hexylthiol, preparation and properties of, 1822. 
Hofmann reaction in synthesis of heterocycjic compounds, 523. 
Hopkins Memorial Lecture, 713. 
Hydrazine, anhydrous, preparation of, 1458. 
Hydrobromic acid, See under Bromine. 
Hydrocarbons, aromatic, catalysed gas-phase reactions of, 73, 
1700, 2154. 
binding energies in, 1448. 
carcinogenic, oxidation of, with osmium tetroxide, 170. 
chemistry of, 531. 
fluorinated, spectra of, infra-red absorption, 1428, 1432. 
formation of organic peroxides from, 339. 
Hydrochloric acid. See under Chlorine. 
Hydrogen atoms, associating effect of, 874. 
bonding, in 4-triacetyl-p-xylosidaminopyrimidines, 2265. 
ions, nature of, in aqueous and non-aqueous solvents, 1976. 
isotopic differentiation of, in molecular asymmetry, 1085. 
solubility and diffusion of, in polystyrene, 1541. 
Hydrogen bromide. See Hydrobromic acid under Bromine. 
chloride. See Hydrochloric acid under Chlorine. 
peroxide, bond energies in, 331. 
oxidation with, of 2-hydroxyquinoxaline, and its deriv- 
atives, 519. 
reaction of, with symmetrical triketones, 50. 
selenide, photochemical oxidation of, 766. 
Hydrogen—nitrogen—oxygen linking, 874. 
Hydroxamic acids, 1864. 
Hydroxy-carbonyl compounds, 1674. 
Hyperconjugation, 17. 


2-Imino-3-phenyl-3-2’-hydroxyethyltetrahydroturan, 808. 
Indan-3-one-1-carboxylic acid, and its derivatives, 980. 
Indigo, 5:6:5’:6’-tetrahydroxy-, synthesis of, and its tetra- 
acetyl derivative, 1244. 
Indium, reaction of, with nitrosyl chloride, 1955. 
’ Indium tribromide and monochloride, 1958. 
Indole, derivatives, polycyclic, action of nitric acid on, 1247. 
Indole, 5:6-dihydroxy-, synthesis of, and its derivatives, 2223. 
Indoles, formation oF, from phenacylarylamines, 847, 858. 
Indoles, hydroxy-, synthesis of, 1605. 
Indole-2-carboxylic acid, 6-hydroxy-, 1608. 
7-hydroxy-, and its 7-benzyl derivative, 1608. 
Indole-(2’:3':3:4)-coumarin, 7-hydroxy-, and its diacetyl 
derivative, 1674. 
tsoIndolinone derivatives from aniline, 1249. 
1:3:4-Indotriazine, 2-amino-, and its salts and derivatives, 
2314, 2317. 
Insulin, adsorption of water vapour on, 1083. 
Inter-halogen compounds, chemistry of, 2135. 
Iodine, molecular, solvolytic ionisation of, 1051. 
solutions, alkaline, oxidation by, of aldoses, 810. 
Periodates, oxidation by, applied to carbohydrates, 992. 
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Ion-exchange apparatus, 1273. 
Ion-exchangers, 1273 


rs, . 
Ionisation constants of heterocyclic bases, 2240. 
Isatin condensation of, with barbituric acid, 552. 
anti- and syn-f-guanylhydrazones, and their salts and 
derivatives, 2315. 
reaction of, with aminoguanidine, 2314. 
Isatin syn-8-guanylhydrazone-5-sulphonic acid, 2316. 
Isomerisation, bimolecular, 1. 
Isoprene, action of hydrogen chloride on, 530. 


Karanjic acid, synthesis of, and its acetate, 115. 
Karanjin, synthesis of, 894. 
Kaurene, identity of, with podocarprene, 1888. 
Keten, spectrum of, infra-red absorption, 1416. 
7-Keto-3(8)-acetoxy-5-allocholanic acid, methyl ester, 1042. 
a-Keto-8-acetylbutyrolactone, 1297. 
ee ee aa CeREI, 
} 


§-Keto-2-n-amyl-4-ethylthiomethylene-4:6-dihydro-oxaszole, 
1-Keto-4:5-benz-A\‘*-hexahydroanulene, and its semicarbazone, 


2-Keto-4-benzoyloxy-1-benzoyl-A*-pyrroline, 
benzoyl derivative, 1959. 
2-Keto-4-benzoyloxy-A*-pyrroline, 3-amino-, 3-benzoyl deriv- 
ative, 1959. 
1-Keto-3-(2':4’:6’-tribromophenyl)-2-methyltetrahydrophthal- 
azine-4-acetic acid, and its anilide, 598. 
a-Keto-f-(8’-carbethoxypropionyl)butyrolactone, 1298. 
3-Keto-2-carbomethoxy-4-methoxycycloheptatrienylacetic acid, 
methy] ester, 1051 
3-Keto-2-carboxycycloheptatrienylacetic acid, 4-hydroxy-, 1051. 
1-Keto-3-(2’-chloro-5’-nitrophenyl)-2-methyltetrahydrophthal- 
azine-4-acetic acid, and its derivatives, 208. : 
— (2’-chlorophenyl)-4-methyltetrahydrophthalazine, 


3-amino-, 3. 


1-Keto-3-(3’-chlorophenyl)-4-methyltetrahydrophthalazine, 600. 


1-Keto-3-(2’-chlorophenyl)-2-methyltetrahydrophthalazine- 
4-acetic acid, 1027. . 
1-Keto-3-(2’-chlorophenyl)tetrahydrophthalazine, 1028. 
a-Keto-f-(8’-chloropropionyl)butyrolactone, 1298. 
Ketocholanic acids, reaction of, with ethyl bromo- and chloro- 
acetates, 1358. 
7-Keto-5-allocholanic acid, 3(8)-hydroxy-, 1042. 
6-Ketocholestane, derivatives of, 1032. 
1-Ketodecahydroazulene, and its semicarbazone, 169, 
5-Keto-4:7-dimethyl-2-isopropyl-A‘-tetrahydroindane, and _ ite 
derivatives, 167. 
2-Keto-1-ethoxy-1:2-dihydroquinoline, preparation of, 1866. 
a-Keto-8-(’-ethoxypropionyl)butyrolactone, 1298. 
4-Keto-1:3-endoethylene-1:2:3:4-tetrahydronaphthalene, and its 
derivatives, 977, 979. 
4-Keto-2-ethylthionaphtheno-(2’:3’:5:6)-1:3-oxazine, 81. 
4-Keto-1:2:3:4:10:11-hexahydrocyclopentindene, and its deriv- 
atives, 979. 
2-Ketohexamethyleneimine, preparation of, 1518. 
a” - eee acid, and its derivatives, 
B-2-Ketocyclohexylbenzylmalonic anhydride, and its hydrogen- 
ation product, 2013, 2015. 
B-2-Ketocyclohexyl-p-methoxybenzylmalonic acid, 2016. 
B-2-Ketocyclohexyl-p-methoxybenzylmalonic anhydride, 2016. 
B-2-Ketocyclohexyl-8-p-methoxyphenylpropionic acid, and its 
ethyl ester and its oxime, 2016. 


PS eae eamnneeene acid, ethyl ester, oxime, | 


4-Keto-1-methoxy-3-(2’-chloro-5’-nitropheny!)-3:4-dihydro- 
phthalazine, 208. 

a elguenie tenets 

a-Keto-p-(f’-methoxypropiony})butyrolactone, and -chloro-, 

a-Keto-f-(#'-methorypropiony!)-7-phenylbutyrolactone, 1298. 


a-Keto-f-(8’-methoxypropionyl)-y-valerolactone, 1298. 
2-Keto-1-methyl-3-chloromethyl-1:2-dihydroquinoxaline, 522. 














































1-Keto-13-methyl-A""*-dodecahydrophenanthrene, and its 
derivatives, 163. 
tS acacia :6)pyrimi- 
e, 81. 
nd | 2Keto-5-methylhexamethyleneimine, 1519. 
§-Keto-2-methyl-4-(2’-nitro-5’-acetoxybenzylidene)-4:5-dihydro- 
oxazole, 1607. 
5-Keto-2-methyl-4-(2’-nitro-5’-hydroxybenzylidene)-4:5- 
dihydro-oxazole, 1607. 
6-Keto-2-methylthionaphtheno(3’:2’:4:5)-1:3-oxazine, 81. 
§-Keto-4-(2’-nitro-6’-acetoxybenzylidene)-2-methyl-4:5- 
dihydro-oxazole, 1609. 
1-Keto-3-(4’-nitro-2’:5’-dimethoxyphenyl)-2-methyltetrahydro- 
phthalazine-4-acetic acid, 282. 
Ketones, constitution and physical properties of, 610. 
formation of, from a-amino-acids, 176. 
from semicarbazones with nitrous acid, 2319. 
halogenated, 272, 276, 278. 
hydroaromatic, fused-ring, synthesis of, 162. 
non-enolisable, fission of, by potassium tert.-butoxide, 1408. 
. aB-unsaturated, cyclic, reactions of, 996. 
halogen addition to, 980. 
| 9) 2:5-Keto-3-phenylisoindolinopyrazolidocoline, 1251. 
5-Keto-2-phenyl-4-methyl-4:5-dihydroiminazole, and its deriv- 
atives, 735. 
ne, § 1-Keto-3-phenyl-4-methyltetrahydrophthalazine, 1251. 
< ee acid, 


a-Keto-8-propionylbutyrolactone, 1298. 
iv- § a-(2-Keto-4-isopropylcyclopentyl)propionic acid, and its semi- 
carbazone, 168. 
6-Ketositostane, derivatives of, 1043. 
2Keto-4-thio-3’-methyl-3-ethyl-5:2’-ethylidenebenzthiazolyl- 
idenetetrahydrothiazole, 690. 
id, § 2-6’-Ketothionaphtheno-(3’:2’’:4’:5’)-1:3-oxazinyl-2’-thio- 
naphthen, 3-amino-, 3-diacetyl derivative, and its derivatives, 








51. . 
- ( Ketoxime sulphonates, Beckmann rearrangement of, in presence 
of ammonia or amines, 1514. 


‘ L. 
Lanosterol, 988. 
s Larch wood, ¢-galactan of, 774. 
Lariz decidua, wood, e-galactan of, 774. 
ro- § Lectures delivered before the Chemical Society, 243, 386, 713, 
1461. 
Lepidine, preparation of, 1457. 
1-a-Lepidylbenztriazole, 923. 
Leptospermone, synthesis and derivatives of, 383. 
ite § Leuconostoc mesenteroides. See Betacoccus arabinosaceous. 
Levan, structure of, from sucrose, 1560. 
Lewisite, molar polarisation of, 1208. 
isoLewisite, molar polarisation of, 1208. 
its § Linalol, spectrum of, infra-red absorption, and structure, 1415. 
Linkings, double, addition of thiol-compounds to, 1683. 
factors influencing strength of, 398. 
iv- B Linoleic acid, methyl ester, autoxidation of, 2275. 
Liversidge Lecture, 1461. 









.o—rF effect of metallic impurities in, on formation of 
rignard reagents, 1597. 

Maize starch. See under Starch. 

Maleic acid, esters, 664. 

Mandelonitrile, p-bromo-, and o-chloro-, benzoate, 1255. 






Manganous sulphate as catalyst in chromic acid oxidation 
of hydrobromic acid, 1376. 

Mannitol, reaction of, with hydrochloric acid, 2204. 

— 1:6-dibromo-, and its 2:3:4:5-tetra-acetyl derivative, 


%-D-Mannopyranosidoxanthine, synthesis of, 523. 
Mannose, preparation of, 1989. 
1-p-Mannosidoglyoxaline-4:5-dicarboxyamide, 524. 
9-p-Mannosidoxanthine, 524. 

Melanin, and its precursors, 1244. 






‘O-» 
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Melanins, chemistry of, 2223. 
Memorial Lecture, Sir Frederick Gowland Hopkins, 713. 
Mepacrine, conversion of, into thioacridones, 1181. 
resolution of, and its salts, 99. 
Mercapto-acids, tertiary, preparation of, 1683. 
Mesaconic acid, esters, 665. 
Mesquite gum, constitution of, 1141, 1146. 
Mesquitic acid, and its acetate, methylation of, 1152. 
preparation of, 1144. 
— — their chlorides, action of nitrosyl chloride on, 
complex compounds of, with dimethylglyoxime, 378. 
Metal electrodes, 740, 749, 752, 756, 759. 
Metallic halides, reaction of, with bromine trifluoride, 2135. 
Metanethole, 1985. 
Methane, chlorofluoro-derivatives, spectra of, infra-red absorp- 
tion, and thermodynamics, 1422. 
iodotrifluoro-, 2190. 
nitro-, condensation of, with aldehydes, 1907. 
Methanesulphonyl-. See also Methylsulphonyl-. 
5-Methanesulphonyl 2-chloro 1:4:3:6-dianhydromannitol, 2207. 
Methanol. See Methyl alcohol. 
4-Methoxy-7-acetoacetylchromone, 6-hydroxy-, 2263. 
4-Methoxy-7-acetoacetylcoumaran, 6-hydroxy-, 2264. 
4-Methoxy-5-acetoacetylcoumarone, 6-hydroxy-, 2262. 
2-Methoxyacetophenone, 5-hydroxy-, and its 5-benzyl deriv- 
ative, 2142. 
ie eee 2:3-dihydroxy-, dibenzyl derivative, 
preparation of, 2140. 
2:6-dihydroxy-, 2:3-dianisy] derivative, 2142. 
3-Methoxy-4-acetoxycinnamic acid, 2-nitro-a-amino-, a-acety] 
and a-benzoyl derivatives, azlactones of, 377. 
2-Methoxy-6-acetoxyphenoxyacetic acid, 1611. 
6-Methoxy-3-acetylacetophenone, 2-hydroxy-, 2141. 
4-Methoxy-3-acetylbenzoic acid, 2:6-dihydroxy-, methy] ester, 
and its 2:4-dinitrophenylhydrazone, 2264. 
8-Methoxy-4-acetylchroman-3-one, 1611. 
4-Methoxy-7-acetylcoumarone, 6-hydroxy-. See isoVisnagone. 
ey terres acid, 6-hydroxy-, 


ethy] ester, and its 2:4-dinitrophenylhydrazone, 2263. 

5-Methoxyacetyl-2:3-dihydrobenzfuran, 4-hydroxy-, and _ its 

semicarbazone, 895. : 
7-Methoxyacetyl-2:3-dihydrobenzfuran, 4-hydroxy-, 895. 
N-3-Methoxyacridyl(5)-p-aminobenzoic acid, N-8-chloro-, 241. 
6(or 7)-Methoxyalloxazine, 1720. 
4-p-Methoxyanilino-2-y-diethylaminopropylaminoquinazoline, 

dihydrochloride, 1770. 
4-Methoxyanthranilamide, preparation of, 1764. 
6-Methoxybenzamide, 2-amino-, preparation of, 1763. 
2-Methoxymesobenzanthrone, synthesis of, 1088. 
5-Methoxybenzoxazolone, 215. 


. 5-Methoxybenzoxazolone-6-sulphonic acid, 215. 


3-m- and -p-Methoxybenzoylmesobenzanthrones, 2038. 
p-Methoxybenzoylmethylcarbinol p-nitrobenzoate, 1675. 
Methoxy-3:4-benzpyrenes, 173. 
1-Methoxy-3-(2’:4’:6’-tribromopheny])-4-(5’’-keto-1’’-phenyl- 
’’emethylpyrazolinylidene-ethylidene)-3:4-dihydrophthal- 
azine, 599. 
1-Methoxy-3-(2’:4’:6’-iribromophenyl)-4-methylene-3:4- 
dihydrophthalazine, and its perchlorate, 599. 
1-Methoxy-3-(2’:4’:6’-iribromophenyl)-4-(2”:4’’-dinitrobenzyl- 
idene)-3:4-dihydrophthalazine, 599. 
6-Methoxy-4-(a-bromopropionyl quinoline hydrobromide, 95. 
5-Methoxy-2-carbethoxyphenoxyacetic acid, ethyl ester, 1674. 
6-Methoxy-4-(3:3:3-irichloro-2-hydroxypropyl quinoline, 96. 
2-Methoxy-1-chloromethylnaphthalene, 6-bromo-, 264. 
1-Methoxy-3-(2’-chloro-5’-nitrophenyl)-4-methylene-3:4- 
dihydrophthalazine, and its perchlorate, 208. 
1-Methoxy-8-(2’-chioro-5’-nitrophenyl)-4-(2’’:4’’-dinitro- 
benzylidene)-3:4-dihydrophthalazine, 208. 
1-Methoxy-3-(2’-chlorophenyl)-4-methylene-3:4-dihydro- 
phthalazine, and its perchlorate, 1028. 
1-Methoxy-3-(2’-chlorophenyl)-4-(2”’:4’’-dinitrobenzylidene)- 
3:4-dihydrophthalazine, 1028. 
= f ””.7-Methoxycholest-4-en-3-one, and its 2:4-dinitropheny]- 
ydrazone, 1803. 
“ q”’.7-Methoxycholesterol, and its esters, 1802. 
“ B’’-7-Methoxycholesteryl acetate and benzoate, 1801, 1802. 
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7-Methoxychroman-3-one, and its 2:4-dinitrophenylhydrazone, 
1611. 


8-Methoxychroman-3-one, and its 2:4-dinitrophenylhydrazone, 
1611. 

$-Methoxycinnamic acid, 2-nitro-a-amino-4-hydroxy-, a-acetyl- 
4-benzoy] derivative, azlactone of, 377. 

4-Methoxycinnamic acid, 2-nitro-a-amino-3-hydroxy-, 2:3- 
diacetyl derivative, azlactone of, 377. 

“ f ”’.7-Methoxycoprostan-3-one, and its 2:4-dinitrophenyl- 

ydrazone, 1803. 

4-Methoxycoumaran, 6-hydroxy-, and its derivatives, 2263. 

5-Methoxy-8-coumaranone-2-carboxylic acid, ethyl ester, 1674. 

6’-Methoxycoumarono-(2’:3’:3:4)-coumarin, 7-hydroxy-, and 
7:8-dihydroxy-, and their derivatives, 1674. 

4-Methoxy-5-diazoacetylbenzfuran, 895. 

3-Methoxy-1:2:5:6-dibenzanthracene, 173. 

2-Methoxy-6-(2-dibutylamino-1-hydroxyethyl)naphthalene, 
1-bromo-, dipicrate, 97. 

2’-Methoxydiethyl sulphilimine, 2-chloro-, 2179. 

Methoxydihydrothionaphthen sulphone, 1617. 

3-Methoxy-9:10-dimethyl-1:2-benzanthracene, 173. 

2-Methoxy-5:11-dimethylisoquinindoline, 924. 

2-Methoxy-5:11-dimethylquinindolinium chloride, 924. 

6-Methoxy-2:3-diphenylquinoxaline, 1720. 

1-Methoxy-4-ethoxy-3-(2’-chloropheny])-3:4-dihydrophthal- 
azine, 1028. 

4’-Methoxyflavone, 5:8-dihydroxy-, and its diacetyl derivative, 

2143 


synthesis of, 2138. 
oan eran 2-hydroxy-, preparation of, 
1 


4-Methoxy-3-formylbenzoic acid, 2:6-dihydroxy-, methyl ester, 
and its semicarbazone, 2264. 
a-Methoxyhexylideneaminoacetic acid, ethyl] ester, 1966. 
a-(1-Methoxyhexylideneamino)-8-hydroxyacrylic acid, ethyl 
ester, potassium salt, 1966. 
6-Methoxy-4-(1-hydroxy-2-N-piperidylpropyl)quinoline, 95. 
5-Methoxyindole, 6-hydroxy-, 2226. 
6-Methoxyindole, ——— and its 5-acetyl derivative, 2226. 
6-Methoxylepidine, N-oxide, and its salts, 96. 
1-a-(6-Methoxylepidyl)benztriazole, 923. 
5-Methoxymethoxybenzaldehyde, 2-nitro-4-hydroxy-, 1246. 
2-Methoxy-1-methoxymethylnaphthalene, 6-bromo-, 264. 
3-Methoxy-1’-methyl-1:2-benzanthracene, 173. 
4-Methoxy-2-methyl-6:7-benzquinoline, 1293. 
6-Methoxy-20-methylcholanthrene, 173. 
7-Methoxy-2-methylchroman-4-one, and its derivatives, 1612. 
7-Methoxy-3-methylcoumarin, 4-hydroxy-, and its acetate, 175. 
Methoxymethyldi-(2-chloroethyl)amine, 2174. 
11-Methoxy-5-methyl-5:11-dihydroquindoline, 11-amino-, 921. 
7-Methoxy-3-(3’:4’-methylenedioxyphenyl)coumarin, 4-hydr- 
oxy-, and its derivatives, 175. 
7-Methoxy-2-methylfurano(2’:3’:5:6)chromone. See iso- 
Visnagin. : 
Se and its 6-acetyl derivative, 


1-Methoxy-8-a-naphthylsulphonylnaphthalene, 606. 
6-Methoxynicotinamidine, salts, 1943. 
1-Methoxy-3-(4’-nitro-2’:5’-dimethoxyphenyl)-4-(5’’-keto-1’’- 
phenyl-3’’-methylpyrazolinylidene-ethylidene)-3:4-dihydro- 
phthalazine, 283. 
1-Methoxy-3-(4’-nitro-2’:5’-dimethoxyphenyl )-4-methylene- 
8:4-dihydrophthalazine, 283. 
1-Methoxy-3-(4’-nitro-2’:5’-dimethoxyphenyl)-4-methyl- 
phthalazinium perchlorate, 283. 
1-Methoxy-3-(4’-nitro-2’:5’-dimethoxyphenyl)-4-(2’’:4’’-dinitro- 
benzylidene)-3:4-dihydrophthalazine, 283. 
4-Methoxyphenol-5-sulphonic acid, 2-amino-, 215. 
4-Methoxyphenylacetic acid, 2-nitro-3-hydroxy-, 378. 
7-Methoxy-3-phenylcoumarin, 4-hydroxy-, and its acetate, 175. 
4-Methoxypheny] 3:4-dimethoxybenzyl ketone, 2-hydroxy-, 175. 
y~(p-Methoxypheny])-a-ethylbutyramide, 1676. 
m-Methoxyphenylethylcarbinol, and its phenylurethane, 2145. 
de rnaen i knees a ee enn and its salts, 
p-Methoxyphenylethynylcarbinol, 2037. 
p-Methoxyphenyl ethynyl! ketone, 2038. 
2-(2’-Methoxyphenyl)guanidino-6-methylpyrimidine, 4-hydr- 
oxy-2-5’-chloro-, 579. 
4-p-Methoxyphenyl-3:4:5:6:7-hexahydrocoumarin, 2016. 
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y~(p-Methoxyphenyl)-c-methylbutyramide, 1676. 
p-Methoxyphenylpropiolic acid, dimerisation of, 1267. 
a-p-Methoxyphenylpropionamide, 1675. 
B-p-Methoxyphenylpropionylmethylearbinol p-nitrobenzoate 
and 3:5-dsnitrobenzoate, 1676. 
4-Methoxyphenylpyruvic acid, 2-nitro-3-hydroxy-, 377. 
4-p-Methoxyphenylsulphonylbenzaldehyde, 602. 
1-Methoxy-8-phenylsulphonylnaphthalene, 606. 
p-Methoxyphenyl p-tolyl sulphone, 602. 
ne dipicrolonate, 


6-Methoxy-4-propenylquinoline, and its picrate, 96. 
Pe eae acid, methy] ester, preparation of, 
6-Methoxy-4-propylquinoline, and its salts, 95. 
1-Methoxypyrene, 173. 
2-Methoxypyridine, 5-cyano-, 1945. 
4-Methoxy-1:2:2’:3’-pyridoacridine, 5-amino-, and its deriv. 
atives, and 5-chloro-, 291. 
5-Methoxy-1:2:2’:3’-pyridoacridine, and 4-fluoro-, 291. 
5-(2-Methoxypyridyl)methylamine hydrochloride, 19435. 
4-Methoxyquinazoline, 6- and 7-nitro-, 364. 
5-Methoxyquinazoline, 2:4-dihydroxy-, 1763. 
6-Methoxyquinazoline, 2:4-dichloro-, 1763. 
7-Methoxyquinazoline, 2:4-dichloro-, and 2:4-dihydroxy-, 1764. 
8-Methoxyquinazoline, 2:4-dichloro-, and 2:4-dihydroxy-, 1764, 
4-Methoxyquinoline, 6- and 8-nitro-, 1708. 
6-Methoxy-8-quinolylacetic acid, ethyl ester, and its salts, 98. 
B-6-Methoxy-4-quinolylacrylic acid, 96. 
B-6-Methoxyquinolyl(4)alanine, and its dihydrochloride, 89. 
6-(6’-Methoxy-8’-quinolylamino)-4-diethylamino-1:3:5-triazine, 
2-amino-, and 2-chloro-, and their hydrochlorides, 563. 
6-(6’-Methoxy-8’-quinolylamino)-1:3:5-triazine, 2:4-diamino., 
and its hydrochloride, and 2:4-dichloro-, 563. 
6-Methoxy-8-quinolyl chloromethyl ketone, and its hydro- 
chloride, 98. 
ete di-n-butylaminomethyl ketone, dipicrate, 


6-Methoxy-8-quinolyl diethylaminomethy] ketone, dipicrate, 99. 
6-Methoxy-4-quinolylethylcarbinol, and its salts, 96. 
6-Methoxy-4-quinolyl ethyl ketone, picrate, and isonitroso-, 96. 
6-Methoxy-8-quinolyl methyl ketone, bromination of, 98. 
B-6-Methoxyquinolyl(4)propionic acid, a-oximino-, and _ its 
ethyl ester, 89. 
N'-(6-Methoxy-8-quinolyl)-N*-isopropyldiguanide hydro- 
chloride, 1636. 
N*-(6-Methoxy-8-quinolyl)-N *-n-propyl-N*-isopropylisothio- 
urea, and its hydrochloride, 1652. 
6-Methoxyquinolyl(4)pyruvic acid, ethy] ester, 89. 
5-Methoxysalicylic acid, methyl ester, B-primeveroside and its 
O-hexa-acetyl derivative, O-triacetyl-8-glucoside, and O-tri- 
acetyl-6’-O-trityl-B-glucoside, 2222. 


eo, B:2-dinitro-5-hydroxy-, 5-acetyl derivative, 


5-Methoxystyrene, :2-dinitro-4-hydroxy, and its 4-acetyl 
derivative, 2226. 

6-Methoxy-4-styrylquinoline N-oxide, and its picrate, 96. 

a and its picrate, 


3-Methoxy-5:6:9:10-tetramethyl-1:2-benzanthracene, 173. 
— 2-hydroxy-, and its 2-benzyl derivative, 
3-Methoxy-5:9:10-trimethyl-1:2-benzanthracene, 173. 
6-Methoxy-4-vinylquinoline, picrate, 96. 
2-Methoxy-m-5-xylenol, 2307. 
Methyl alcohol, action of, on naphthalene, catalysed by 
alumina-silica catalysts, 804. 
clathrate compound of, with quinol, 571. 
Methyl 3-chloroallyl sulphide, 2181. 
2-chloroethy! sulphilimine, 2179. 
ether, methylation of naphthalene by, 1700. 
reactions of, with benzene, toluene, and xylenes, 2154. 
7-Methylacenaphthene, and its derivatives, 1397. 
7-Methylacenaphthylene, and its derivatives, 1397. 
N-Methylacetiminophenyl ether, and its picrate, 1522. 
N-Methylacetimino-p-tolyl éther, and its hydrochloride, 1522. 
3-Methylacetophenone, 2-amino-, and its acetyl derivative, and 
2-nitro-, 1704. 
a - neces phenylmethyl- and p-tolyl-hydrazones, 
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4-Methylacetophenone, 2-amino-, 5-nitro-2-amino-, 3:5-dinitro- 
2-amino-, and their derivatives, 1704. 

1-Methylacridine, 4-amino-, 1228. 

2Methylacridine, 5-amino-2-trifluoro-, and its derivatives, 
and 5-chloro-2-trifluoro-, 32. 

4-Methylacridine, 5-amino-4-trifluoro-, and its derivatives, 34. 

2-Methylacridone, 2-trifluoro-, 34. 

4-Methylacridone, 4-trifluoro-, 34. 

§- and 8-Methylalloxazines, 2133. 

6- and 7-Methylalloxazines, preparation of, 1313. 

a- and y-Methylallyl halides, etholysis of, 4. 

9-Methylaminoalloxazine, and 7-nitroso-, 1930. 

1-Methylaminoanthraquinone, 5-chloro-, 738. 

2-Methylaminobenzamide, 4- and 5-nitro-, 366. 

4-Methylaminomesobenzanthrone, 1180. 

6-Methylaminomesobenzanthrone, 1749. 

2-Methylaminobenzoic acid, 4- and 5-nitro-, and their methyl 
esters, 366. 

4-Methylaminobutylbenzyl cyanide, 809. 

2-Methylamino-4-carbethoxythiazole, 5-amino-, and its hydro- 
chloride, and benzylidene derivative, 2030. 

m-Methylamino-N-dimethylaniline, and its dipicrate, 1929. 

a-Methylamino-nitriles, reaction of, with carbon disulphide, 
1619. 

Methylaminophosphonic acid, diethyl ester, 702. 

(or 3)-Methyl-6-aminoquinoxaline, 2134. 

2-Methylaminothiazole, 5-amino-, 2029. 

N-Methyl-N’-n-amylbenzamidine, preparation of, 1619. 

5-Methyl-2-amylglyoxaline-4-carboxylic acid, ethyl ester, 1963. 

Methyl n-amy! ketone, bromo-, 278. 

§-Methyl-2-amyloxazole-4-carborylic acid, 1963. 

17(8)-Methylandrost-5-ene-3(8):17(a)-diol 3(8)-benzoate, 790. 

6-N-Methylanilinomesobenzanthrone, 1625. 

Methyl 1-anilinoethyl ketone, and its semicarbazone, 275. 

$-Methyl-2-f-anilinovinylbenziminazole methiodide, 1897. 

6-Methyl-2-f-anilinovinylquinoline methiodide, 1897. 

2-Methylanthraquinone, 3:5:6:7-tetrahydroxy-, and ite deriv- 
atives, 991. 

Methylation, biological, 1591. 

2-Methyl-4-azabenziminazole, 6-bromo-, 1392. 

2-Methyl-4-azaindole, 200. 

2-Methyl-5-azaindole, 200. 

Methyl 1-benzamidoethyl ketone 2:4-dinitrophenylhydrazone, 
315. 


1’-Methyl-1:2-benzanthracene, 3-hydroxy-, 3-benzoyl deriv- 
ative, 173. 

6-Methyl-3:4-benzfluorenone, 1233. 

7-Methyl-3:4-benzfluorenone, 1234. 

2-Methylbenzopteridine, 6-hydroxy-, and its acetyl derivative, 
519. 

2-Methylbenzoxazole hydrochloride, 2153. 

[2-(3-Methylbenzoxazole) |[3-(4-methyldihydro-f-quinindene) |- 
dimethincyanine iodide, 1897. 


X 2-Methyl-5:6-benzquinoline, 4-amino-, and 4-chloro-, 1287. 


2-Methyl-6:7-benzquinoline, 4-amino-, and 4-hydroxy-, 1288. 

8-chloro-4-amino- and -4-hydroxy-, 1289. 
2-Methyl-7:8-benzquinoline, 4-amino-, 1288. 

1’- and 6-amino-, and 1’-nitro-, 1295. 
4-Methyl-5:6-benzquinoline, 2-amino-, 1292. 
4-Methyl-7:8-benzquinoline, 2-amino-, 1292. 
2-Methyl-6:7-benzquinoline-3-carboxy-(2’-carboxy-3’-naphthyl)- 

amide, 4-hydroxy-, 1288. 


% 5-Methylbenz-1-thia-2:3-diazole, and 7-nitro-, 1009. 


[2-(3-Methylbenzthiazole) }[3-(4-methyldihydro-f-quinindene) |- 
dimethincyanine iodide, 1898. 

p-Methylbenzyl methy] sulphide, p-amino-, hydrochloride, 1504. 

Methylbenzylmalonic acid, amino-p-amino-, acetyl derivative, 
ethyl ester, and its derivatives, 87. 

— methyl sulphone, p-amino-, hydrochloride, 


b Methyl 2-bromoethyl ketones, bromo-, and chloro-, 280. 


Methyl 1-bromo-n-propyl ketone, 277. 

Methyl 2-bromovinyl ketone, chloro-, 280. 

2-Methylbut-3-ene, 2-chloro-, 530. 

w-Methyl-w-n-butylacetophenone, and its 2:4-dinitropheny]l- 
hydrazone, 1743. 

6-Methyl-2-isobutylcinchoninic acid, 108. 

N'-Methyl-N?-n-butyldicyandiamide, 1650. 

Methyl butyl ketones, bromo-, 278. 

2-Methyl-2-isobutylquinoline, and its picrate, 108. 
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S-Methyl-N’-butylisothioureas, N-cyano-, 1633. 
2-Methylcarbamylphenylthioacetic acid, 84. 


4-Methyl-5-(«w-carboxy-n-pentyl)iminazol-2-one, 1553. 
Methyl 2-chloroethyl ketone, bromo-, 280. 
Methyl 2:2-dichloroethyl ketone, chioro-, 280. 
Methyl 1:2:2-irichloromethyl ketone, chloro-, 280. 
Methyl 3-chloropropyl ketone, bromo-, 278. 
Methyl 2-chlorovinyl ketones, bromo-, and chloro-, 280. 
Methyl 1:2-dichlorovinyl ketone, chloro-, oxime and semi- 
carbazone, 281. 
2-Methylchroman-4-one, 7-hydroxy-, and its derivatives, 1611. 
2-Methylcinchoninic acid, 6-bromo-, 108. 
8-Methylcinnoline, 6-bromo-4-hydroxy-, 6-chloro-4-hydroxy-, 
oes and its acetyl derivative, 6-nitro-4-hydroxy-, 
and its acetyl derivative, and 8-nitro-4-hydroxy-, 357. 
Cee Genea 8-nitro-4-amino-, and its acetyl derivative, 


7-Methylcinnoline, 4-chloro-8-nitro-, 4-hydroxy-, and its acetyl 
derivative, 8-nitro-4-amino- and -4-hydroxy-, and 6-nitro-4- 
hydroxy-, 1705. 

8-Methylcinnoline, 4-amino-, 4-hydroxy-, nitro-4-amino-, and 
nitro-4-hydroxy-, 1706. 

Bz-Methyleinnolines, 4-hydroxy-, and 8-nitro-4-hydroxy-, 
preparation and reactions of, 1702. 

ye 6-hydroxy-, and its 6-benzyl derivative, 

5-Methylcoumaran, 6-hydroxy-, and its derivatives, 2258. 

8-3-Methylcoumaran-5-acrylic acid, £-6-hydroxy-, 6-acetyl 
derivative, 2259. 

7-Methyl-8-coumaranone-2-carboxylic acid, ethyl ester, 1673. 

3-Methylcoumarone-2-carboxylic acid, 6-hydroxy-, 6-acetyl 
derivative, 2258. 

5’-Methylcoumarono-(2’:3’:3:4)-coumarin, 7-hydroxy-, and 5:7- 
and 7:8-dihydroxy-, and their acetates, 1673. 

7’-Methylcoumarono-(2’:3’:3:4)-coumarin, 7-hydroxy-, and its 
derivatives, 1673. ' 

bSetat-¢-(epanephenginetigtensipipestiine hydrochloride, 


Methyldi-(3-chloroallyl)amine, preparation of, 2182. 
Methyldi-(2-chloroethyl amine, compounds related to, 2174. 
Methyldicyandiamide, preparation of, 1633. 
Methyldi-(2-fluoroethyl)amine, 2176. 
2-Methyl-5:10-dihydroarsacridine, 10-chloro-, 295. 
3-Methyl-5:10-dihydroarsacridine, 10-chloro-, 298. 


1’-Methyldihydro-1:2-benzanthracene, dihydroxy-, and ite 
diacetate, 172. 
3-Methyl-2:3-dihydrobenzthiazoles, 2-imino-, spectra of, 


absorption, ultra-violet, 1497. 
team, dihydroxy-, and its diacetate, 
3’-Methyl-2’:3’-dihydrofurano(4’:5’:6:7)coumarin, 2259. 


3’-Methyl-2’:3’-dihydrofurano(4’:5’:6:7)coumarin-3-carboxylic 
- acid, 2259. 


3-Methyl-5:6-dihydro-y-pyrone-2-carboxylactone, 3-hydroxy-, 
and its bromo-derivative, 1298. 
5-Methyl-5:11-dihydroquindoline, 11-imino-, 921. 
6-Methyl-5:6-dihydrouracil, 5:5-dichloro-6-hydroxy-, action of 
hydrochloric acid on, 1988. 
Methyl-3-dimethylaminomethylindoles, 708. 
8-Methyl-2:6-dioxapyrrolizidine, 8-hydroxy-, and its deriv- 
atives, 1906. 
3’-Methyldiphenyl sulphide, 2:6’-dinitro-, 2020. 
4-Methyldiphenyl sulphide, 2:2’-dinitro-, 2020. 
2:6:2’-trinitro-, 2022. 
5-Methyldiphenyl sulphide, 2:3:4’-trinitro-, 2020. 
4-Methyldiphenylamine, tri- and tetra-nitro-derivatives, 1993. 
3’-Methyldiphenylamine-2-carboxylic acid, 3’-trifluoro-, and 
its p-nitrobenzyl ester, 33. 
4’-Methyldiphenylmethane, 2-amino-, 295. 
5-Methyldiphenylmethane, 2-amino-, and its derivatives, 297. 
5-Methyldiphenylmethane-2-arsonic acid, 298. 
Methyldithiohydantoin, acetyl derivatives, 206. 
Methylene-blue, absorption of, by cells of Bacterium lactis 
aerogenes, 2290. 
—— compounds, reactive, addition of, to a-cyanoprene, 


4-Methylene-2-thiothiazolone, 4-hydroxy-, 1339. 
N?-Methyl-N*-ethyldicyandiamide, 1650. 
3-Methyl-2-ethylindole, preparation of, 277. 
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Methyl ethyl ketone, bromination of, 272. 
Methyl ethyl ketone, amino-, a-bromopropionyl derivative, 
1857. 

oximino-, 1863. 

Methyl ethyl ketoxime benzenesulphonate, 1518. 

3’-Methyl-3-ethyloxathiacarbocyanine iodide, 690. 

3-Methyl-4-ethylphenol, 6-amino-, 2146. 

4-Methyl-5-ethylthiazole, 2-amino-, and its picrate, 277. 

[(2-(4-Methyl-3-ethylthiazole) ][2-(3-ethylbenzselenazole) |[af’- 
dimethin-2’-(3’-ethylbenzselenazole) |trimethincyanine 
diiodide, 1883. 

[2-(4-Methyl-3-ethylthiazole) |[2-(3-ethylbenzselenazole) |tri- 
methincyanine iodide, 1887. 

[2-(4-Methyl-3-ethylthiazole) |[2-(3-ethylbenzthiazole) |[a8’- 
dimethin-2’-(3’-ethylbenzthiazole) |trimethincyanine diiodide, 


1883. 

[(2-(4-Methyl-3-ethylthiazole) |[2-(3-ethylbenzthiazole) |tri- 
methincyanine iodide, 1887. 

S-Methyl-N’-ethylisothiourea, N-cyano-, 1633. 

Methyl fluoroform. See Ethane, 1:1:1-érifluoro-. 

2-N-Methylformamidobenzoic acid, 4-nitro-, 366. 

2-Methylfurano(2’:3’:5:6)chromone, 7-hydroxy-, 2264. 

1-Methylglyoxaline, 5-amino-2-mercapto-, and its hydrochloride, 
2029. 

Methylgramines, 708. 

6-Methylheptane, 1:6-diamino-, derivatives of, 231. 

6-Methylcycloheptatrienone, 2-hydroxy-, 1051. 

Methylcyclohexane, tetradecafluoro-, spectrum of, infra-red 
absorption, 1432. 

5-Methylhexane-l-carboxylic acid, 5-amino-, and 5-nitro-, and 
their derivatives, 231. 

5-Methylhex-1-enyl cyanide, 5-nitro-, 231. 

5-Methylhex-2-enyl cyanide, 5-nitro-, 230. 

y-(2-Methylcyclohex-1-enyl)butyric acid, synthesis of, 163. 

5-Methylhexyl cyanide, 5-amino-, and its derivatives, and 5- 
nitro-, 230. 

6-Methyl-2-n-hexylcinchoninic acid, 109. 

6-Methyl-2-n-hexylquinoline, 109. 

Methyl-1-hydrindanone, 164. 

2-Methylimino-4-carbethoxy-3-acetylthiazoline, 
5-acetyl derivative, 2030. 

2-Methylindole, 5-hydroxy-, and its 5-acetyl derivative, 1609. 
§:6-dihydroxy-, and its 5:6-diacetyl derivative, 2225. 

Methylindoles, and their derivatives, 707. 

2-(7-Methyl-3-indolyl)ethane-l-carboxylic acid, 
cyano-, l-acetyl derivative, ethyl ester, 709. 

2-(Methyl-3-indolyl)ethane-1:1-dicarboxylic acids, 1-amino-, 
l-acetyl derivatives, and their ethyl esters, 708. 

9-Methyl-1:3:4-indotriazine, 2-amino-, and its salts, 2317. 

1-Methylisatin, condensation of, with barbituric acid, 552. 
anti- and syn-8-guanylhydrazones, and their salts and 

derivatives, 2316. 

Methyl ketones, bromo-, preparation of, 278. 

Methylmalonic acid, esters, 632. 

— B-mercaptoisobutyl ketone, and its mercury mercaptide, 


5-amino-, 


l-amino-1I- 


Methylmercuric iodide, trifluoro-, 2190. 

Methyl f-p-methylsulphonylphenylethyl ketone, chloro-, 1505. 

2-Methylnaphthalene, derivatives, water-soluble, 182. 
preparation of, 804. 

2-Methyl-1:4-naphthaquinone.4-oxime-O-sulphonic acid, potas- 
sium salt, 185. 

2-Methyl-1:4-naphthaquinone 4-carboxymethyl oxime, 185. 

2-Methyl-1:4-naphthaquinone 4-f-diethylaminoethyl oxime 
hydrochloride, 185. 

2-Methyl-1-naphthol, 4-chloroamino-, 4-acetyl derivative, 184. 

2-Methyl-l-naphthoxyacetic acid, 4-amino-, and its 4-acetyl 
derivative, 184. 

N-3-Methyl-1-naphthylglycine, N-4-amino-, and its 4-acetyl 
derivative, ethyl ester, 184. 

2-Methylnicotinamide, preparation of, 200. 

Methyl 2-(2:4:6-trinitrophenyl)ethyl sulphide, 1615. 

Methyl 2-(2:4:6-trinitrophenyl)ethy! sulphone, 1615. 

5-Methylnona-2:7-diene, 5-nitro-1:9-dicyano-, 230. 

5-Methylnonane, 5-nitro-1:9-dicyano-, 230. 

5-Methylnonane-1:9-dicarboxylic acid, 5-nitro-, and its bis- 
benzylthiuronium salt, 232. 

6-Methyl-2-n-nonylcinchoninic acid, 109. 

5-Methyl-5-z-nonylhydantoin, 1388. 

6-Methyl-2-n-nonylquinoline, 4-hydroxy-, 109. 
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w-Methyl-w-n-octylacetophenone, and its 2:4-dinitropheny]. 
hydrazone, 1743. 
4:4-(3’-Methylcyclopentamethylene)-3-methylthiazolidine-2- 
thione, 5-imino-, 1621. 
4:4-(3’-Methylcyclopentamethylene)-3-methylthiazolid-5-one- 
2-thione, 1621. 
p-Methylphenacyl-N-ethylaniline, 855. 
p-Methylphenacyl-N-methylaniline, 855. 
1- and 3-Methylphenanthridines, 9-amino-, 1540. 
9-Methylphenanthridine, 2-amino-, 192. 
6-amino-, and its hydrochloride, 194. 
8-amino-, and 8-hydroxy-, and their hydrochlorides, 194. 
Methylphosphonic acid, fluoro-, di-sec.-butyl ester, 702. 
O-Methylpiscidic acid, esters, 259. 
2-Methylpropan-2-ol, 1:3-dinitro-, 56, 58. 
Methylisopropyldicyandiamide, 1633. 
2-Methyl-1-propylene, 3-nitro-, 58. 
N-(N-Methyl-N-isopropylguanyl)-S-methylisothiourea, 1654. 
N-Methyl-N-isopropylguanylthiourea, 1654. 
Methyl n-propyl ketone, bromo-, 277. 
Methyl n- and iso-propyl ketones, bromination of, 276. 
Methyl propyl ketones, bromo-, 278. ’ 
8-Methyl-4-n-propylphenol, 6-amino-, and 6-nitro-, methyl fj, 
ether, 2146. 
3-Methyl-4-n-propylphenoxyacetic acid, 2145. 
S-Methyl-N’-propylisothioureas, N-cyano-, 1633. 
6-Methylpyridazine, 3-amino-, synthesis of, 2199. 
3-mercapto-, 2200. 
6-Methyl-3-pyridazone, sulphanilamides derived from, 2195. 
2-Methyl-3-pyridazone, 4:5-dichloro-, 2194. 
2-Methyl-3-pyridazone-6-carboxylic acid, and its methy] ester, 
and 5-chloro-, and 4:5-dichloro-, 2194. 
6-Methyl-3-pyridazone-4-carboxylic acid, 2193. 
4-Methylpyrimidine, derivatives, condensation of, with p-di- fy. 
methylaminobenzaldehyde, 1715. 
N-(6-Methyl-2-pyrimidyl)-O-ethylisourea, N-4-hydroxy-, 585. 
7-Methylquinazoline, 2:4-dihydroxy-, 1763. 
1-Methyl-4-quinazolone, 6- and 7-nitro-, and their p-toluene- 
sulphonates, 365, 366. 
3-Methyl-4-quinazolone, 6- and 7-nitro-, preparation and 
decomposition of, 365. 
5-Methyltsoquindoline, 7-nitro-, 920. 
5-Methylquindolinium chloride, y-base from, 920. 
chloride, 7-amino-, 1l-amino-, and 7-nitro-, 920, 921. 
iodide, 1l-amino-, 921. 
5-Methylisoquinindoline, and 9-nitro-, 924. 
11-Methylquinindoline, and its 6-acetyl derivative, 923. 
5-Methylquinindolinium chloride, and 5-nitro-, 924. 
5-(or 7)-Methylquinoline, 3-nitro-, 2027. 
6-Methylquinoline, 3-amino-, 3-nitro-, and 3:5-dinitro-, 2027. 
8-Methylquinoline, 3-nitro-, 2027. 
6- and 8-Methylquinolines, 4-hydroxy-, 894. Meth; 
6- and 8-Methylquinoline-3-carboxylic acids, 4-hydroxy-, and B meth; 
their ethyl esters, 894. 
[2-(1-Methylquinoline) ][8-(4-methyldihydro-8-quinindene) ]- 
cyanine iodide, 1897. 
[2- and 4-(1-Methylquinoline) |[3-(4-methyldihydro-8-quin- 
indene) j\dimethincyanine iodides, 1897. 
1-Methyl-4-quinolone, 6-nitro-, 1709. 
3-Methylquinoxaline, 2-amino-, and 2-chloro-, 2133. 
2-chloro-, and 2-hydroxy-3-chloro-, 522. 
5-Methylquinoxaline, 2-amino-, 7-amino-, 2-chloro-, and 2- 
hydroxy-, 2133, 2134. : 
6-Methylquinoxaline, 2-amino-, 2-chloro-, and 2-hydroxy-, 
1312, 1313. 
7-amino-, 2134. 
7-Methylquinoxaline, 2-amino-2-chloro-, and 2-hydroxy-, 1312, 
1313. 
5-amino-, and its monohydrate, 2134. 
8-Methylquinoxaline, 2-amino-, 2133. 
5-Methylquinoxaline-3-carboxylic acid, 2-hydroxy-, 2134. 
6- and 7-Methylquinoxaline-3-carboxylic acids, 1313. 
O-Methylrepandine dimethiodide, 2172. 
O-Methylrepandinemethine dimethiodide, 2172. 
2-Methyl ribitol, 1382. Meth 
Methyl-p-ribofuranoside, 2035. -Meth: 
p-Methylstilbene, photochemical reaction of, with phenanthr- Bis. moth 


quinone, 2127. 2029, 
Methyl 
Methy 


il-Methy 
or 4)-! 

1539. 
B-Methy 
B-Methy 


4-Methylstilbene, 4-bromo-, 227. 
a-Methylstyrene, Prins reaction with, 89. 


yl. 


xy" 


312, 
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f-Methylstyrene, 2:8-dinitro-5-hydroxy-, 5-acetyl derivative, 
1609 


p:2-dinitro-4:5-dihydroxy-, 4:5-diacetyl derivative, 2225. 
Methylsuccinic acid, esters, 666. 
6-Methylsulphinylnicotinamide, 1943. 

Methylsulphonyl-. See also Methanesulphonyl-. 

p-Methylsulphonylacetophenone, 603. ; ; 

p-Methylsulphonylbenzamidine, hydrochloride, anti-bacterial 
activity of, effect of homologation on, 1501. 

preparation of, 306. 
p-Methylsulphonylbenzenesulphonamide, 604. 
p-Methylsulphonylbenzoic acid, methyl ester, 1506. 
p-Methylsulphonylbenzophenone, 603. 
p-Methylsulphonylbenzoylacetic acid, ethyl ester, 1506. 


| p-Methylsulphonylbenzthioamide, 1507. 


p-Methylsulphonylbenzylamine hydrochloride, 
activity of, effect of homologation on, 1501. 
6-Methylsulphonylnicotinamide, 1943. ‘ 
Methylsulphonylnicotinamidine, salts, 1943. 
p-Methylsulphonylphenylacetamide, 1504. 
p-Methylsulphonylphenylacetamidine, hydrochloride, 1505. 
ip-Methylsulphonylphenylacetic acid, and its ethyl ester, 1504. 


antibacterial 


ip-Methylsulphonylphenylacetonitrile, 1504. 


$-p-Methylsulphonylphenylalanine, 1506. ; 
p-Methylsulphonylphenyl-n-butylamine hydrochloride, 1506. 
'y-p-Methylsulphonylphenyl-n-butyramide, 1505. 
»-Methylsulphonylphenyl-n-butyramidine benzoate 
hydrochloride, 1505 
y-p-Methylsulphonylphenyl-n-butyronitrile, 1505. 
B-p-Methylsulphonylphenylethyl-2-aminothiazole, 
chloride, 1505. 
2~p-Methylsulphonylphenyl-6-methylpyrimidine, 4-chloro-, and 
4-hydroxy-, 1507. 
-p-Methylsulphonylphenyl-4-methylthiazole-5-carboxylic acid, 
ethyl ester, 1507. 
$-p-Methylsulphonylphenylpropionamide, 1505. 
8-p-Methylsulphonylphenylpropionamidine § benzoate 
hydrochloride, 1505. 
$-p-Methylsulphonylphenylpropionitrile, 1505. ; 
Methylsulphonylphenyl-n-propylamine hydrochloride, 1505. 
»-Methylsulphonylphenylthioacetmorpholide, 1504. 
Methylsulphonylpyridine, 5-amino-, and 5-nitro-, 1944. 
5-cyano-, 1942. 
»-Methylsulphonylthioanisole, 605. ; 
‘1-Methyl-5:6:7:8-tetrahydrophenanthridine, 9-amino-, 1540. 
(or 4)-Methyl-5:6:7:8-tetrahydrophenanthridine, and its picrate, 
1539. 
f-Methyl-5:6:7:8-tetrahydrophenanthridine, 9-amino-, 1540. 
8-Methylthienylsulphonic acid, amide and chloride of, 771. 
»-Methylthioacetophenone, 603. 
p-Methylthiobenzenesulphinic acid, 604. 
-Methylthiobenzenesulphonamide, 604. 
»-Methylthiobenzenesulphonyl! chloride, 604. ; 
-Methylthio-6-dimethyldihydro-1:3:5-triazine, 2-amino-, 1655. 
Methylthioethanethiol, 1895. 
-Methylthioglyoxaline, 4-mercapto-, methiodide, 206. 
-Methylthio-4-n-hexylthiazole, 5-amino-, 5-acetyl derivative, 
2032 


Methylthionicotinamide, 1943. 
Methylthionicotinamidine, salts, 1943. ; 
=p << recente 
oxy-, 579. : 
‘N'~p-Methylthiophenyl-N*-isopropyldiguanide hydrochloride, 
1635. 


Methylthiopyridine, 5-amino-, and 5-nitro-, 1944. 
5-cyano-, 1942. 

-Methylthiothiazole, 5-amino-, 205. 
-2’-Methylthiovinylbenzthiazole methiodide, 689. 
n-Methyltridecylic acid, a-amino-, 1388. 

f’-Methyltrimethylene sulphate, 2-nitro-2-chloro- 
hydroxy-, 1904. 

Methyltryptophans, and their derivatives, 708. 
-Methyl-5-n-undecylhydantoin, 1388. 
-Methylundecylic acid, a-amino-, 1388. 
Methyluracil, 5-nitro-, piperidine salt, 1131. 
'-Methyluracil, 5:6-dichloro-, 1988. ie. 
Penne Senenapln S-eemigteiventiinn, and its picrate, 


Methyl vinyl ketone, chloro-, 281. 
Methylxanthines, dissociation constants of, 765. 
7N 


and 


hydro- 


and 


4-hydr- 


and -2- 
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Mills—Nixon effect, 730. 
Mineral, new, zeolitic, 127, 133. 
Molecular association, viscosity and, 1345, 1349. 
asymmetry based on isotopic differentiation of hydrogen, 
1085. 
compounds. See under Compounds. 
rotation. See under Rotation. 
structure, correlation of, with vibrational absorption spectra, 
328. 
Mordenite, synthesis and reactions of, 2158. 
Morindin, hydrolysis and methylation of, 567. 
B-Morindin, 566. 
Morindone, derivatives of, and its dyeing properties, 567, 568. 
4-Morpholinobutylbenzyl cyanide, and its picrate, 809. 
SMeestetine-6-(6-Cimethylomincsipent)-C-ensthpiopeienitinn, 
51. 
2-Morpholinoethylbenzyl cyanide, 809. 
2-Morpholino-5-methylhexyl cyanide, 5-nitro-, 231. 
ee aa acid, ethyl ester, hydrochloride, 


e-Morpholino-a-phenylhexoic acid, ethyl ester, 809. 

Morpholinophosphonic acid, diethyl ester, 702. 

Mycobacterium tuberculosis, human, polysaccharides from, 
1211, 1220. 


Naphthalene, diamidino-derivatives from, 261. 

methylation of, with dimethyl ether, 1700. 

reaction of, with methyl alcohol, catalysed by alumina- 

silica catalysts, 804. 
with styrene, 1397. 

substitution in, 729. 

synthesis of as-hydrocarbons from, 1395. 
Naphthalene, 1-halogeno-derivatives, 100. 

1:5-dihydroxy-, bromination of, and its methy] ethers, 1283. 

1:4-dinitro-, preparation of, 1513. 
Naphthalene series, anti-diazosulphonates of, 1183. 
Naphthalene-1:1’-azo-2’-naphthol, 4-chloro-, 1186. 
Naphthalene-l-diazosulphonic acid, 4-chloro- and 4-nitro-, 

sodium salts, 1186. 
Naphthalene-2-diazosulphonic acid, sodium salt, 1186. 
a-Naphthaquinone, photo-dimerisation of, 2128. 
ee 2:6-dibromo-5-hydroxy-, preparation of, 
ee action of ethereal diazomethane on, 


periNaphthindane-7:8:9-trione, photochemical reaction of, with 
stilbene, 2128. 


periNaphthindenone, dihydroxy-, preparation of, 182. 


a acid, 3-amino-, 3-acetyl derivative, ethyl ester, 


1-bromo-, ethyl ester, 1233. 

1-hydroxy-, esters, and naphthol-blue dyes therefrom, 309. 
Naphthol-blue dyes from 1 -hydoeny-Baaghthonten, 309. 
B-Naphthol-1-sulphonic acid, diazosulphonates from, phthal- 

azine reaction with, 206, 281, 597, 1026, 1249. 
or acids, chloro-, and their acetoxylactones, 


N-B-Naphthoyl-p-toluenesulphonamide, 111. 

a-Naphthyl group, parachor and refractivity of, 654. 

9-(1’- and -2’-Naphthyl)isoalloxazines, 223. 

a 4-chloro-, and 2- and 4-nitro-, preparation 
of, 3 

a- and B-Naphthylaminomesobenzanthrones, 1749. 

2-a-Naphthylaminobenzoic acid, 2-5’-nitro-, 1291. 

2-8-Naphthylaminobenzoic acid, 4-chloro-, 126. 

4-(1’-Naphthylamino)dipheny!, 3-amino-, and 3-nitro-, 222. 

2-8-Naphthylbutane, and its derivatives, 1397. 

a- and B-Naphthyldicyandiamides, 1634. 

a-Naphthyl ethynyl ketone, 2038. 

N-a-Naphthylmethyl-p-toluidine, 298. 

1-(1-Naphthyl)-2-(2-naphthyl ethylene, 1602, 

a-1-Naphthylpropionamide, 1676. 

N}-2-Naphthyl-N*-isopropyldiguanide, N1-6-bromo-, 1635. 

1-Naphthylpyridine picrate, 2219. 

2-(2’-Naphthyl)-A*-pyrroline, and its picrate, 187. 
eocyanines with dissimilar nuclei, 1872. 
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Neodymium salts, separation of, from cerium salts, by ion 
exchange, 1272. 
Nickel, catalytic, Raney, use of, as reducing agent, 1716. 
Nicotinamide, 6-chloro-, 1942. 
6-mercapto-, 1943. 
Nicotinamidine, 6-mercapto-, salts, 1943. 
Nitrates. See under Nitrogen. 
Nitrites. See under Nitrogen. 
polyNitro-compounds, aromatic, reactions of, with alkaline 
sulphides, 2017. 
monoreduction of, 1275. 
Nitrogen, solubility and diffusion of, in polystyrene, 1541. 
Nitrogen tetroxide, addition of, to olefins, 52. 
oxidation of cellulose by, 1135. 
Nitrates, reduction of, to nitrites by coliform bacteria, 824, 
833, 841. 
Nitrites, utilisation of, by coliform bacteria, 824, 833, 841. 
Nitrogen—hydrogen—oxygen linking, 874. 
Nitrogen—nitrogen linkings, heat of formation of, 1187. 
Nitro-groups, replacement of diazonium groups by, 1512. 
Nitro-hydrocarbons, p-reactivity of, 351. 
Nitro-paraffins, addition of, to a-cyanoprene, 227. 
co-ordinate link in, and refractivity, 1833. —~ 
Nitrosyl chloride, action of, on metals and their chlorides, 
1952. 
Nona-2:7-diene-5:5-dicarboxylic acid, 1:9-dicyano-, ethyl ester, 
233. 
Nonane-5-carboxylic acid, 1:5:9-tricyano-, ethyl ester, 234. 
Nonane-5:5-dicarboxylic acid, 1:9-dicyano-, ethyl ester, 233. 
2-n-Nonylcinchoninic acid, and 6-bromo-, 109. 
2-n-Nonylquinoline, and 6-bromo-, and their picrates, and 
6-bromo-4-hydroxy-, 109. 
Norpethidine, and its carbonate, 561. 


0. 
Obituary notices :— 
Francis William Aston, 1468. 
Edward Charles Cyril Baly, 1721. 
Marmaduke Barrowcliff, 1475. 
George Thomas Byrne, 253. 
Bernard Shirley Dyer, 896. 
Percy Faraday Frankland, 1996. 
John Masson Gulland, 1476. 
Ernald George Justinian Hartley, 899. 
Sir Philip Joseph Hartog, 901. 
David Hooper, 253. 
Victor Lefebure, 394. 
Dorothy Jordan Lloyd, 1727. 
George Newbery, 255. 
Edgar Philip Perman, 256. 
Frederick Maurice Rowe, 2323. 
Alfred Walter Stewart, 396. 
Frank Clifford Whitmore, 1090. 
Octane, 1:6-diamino-, and its dipicrate, 231. 
Octan-7-one-1-carboxylic acid, 6-amino-, and its hydrochloride, 
and 6-chloro-, and its ethyl ester, 1553. 
Octenes, intensity of double-bond valence vibration in, 1456. 
n-Octyl cyanide, l-amino-, hydrochloride, 2031. 
B-n-Octylsuccinic acid, a-amino-, 1389. 
p-n-Octylsulphonylbenzylammonium chloride, 382. 
p-n-Octylsulphonylphenyl cyanide, 383. 
Estrogens, synthetic, of triphenylethylene series, 150. 
Olefins, addition to, of dinitrogen tetroxide, 52. 
formation of, from n-alkyl bromides, kinetics of, 2055. 
from tert.-alkyl bromides, kinetics of, 2065. 
from alkyldimethylsulphonium salts, kinetics of, 2072, 
2077, 2084, 2094. 
from n-amyl, sec.-butyl, and isopropyl bromides, kinetics 
of, 2058. 
from tert.-amyl]- and ¢ert.-butyl-sulphonium salts, 2038. 
solvent effects in, 2043. 
temperature effects in, 2049. 
a-methylenic activity in, 89. 
reaction of, with organic per-acids, 1331. 
Oleic acid, methyl ester, autoxidation of, 2275. 
catalytic thermal oxidation of, 343. 
Optical inversion, Walden’s, steroids and, 1032, 1043. 
Organic compounds, thermochemical evaluation of bond 
strengths in, 1161. 
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Osmium fetroxide, oxidation with, of carcinogenic hydro. 








carbons, 170. 
8-Oxa-3-azabicyclo[3:2:1 octane, and its derivatives, 157. pre} 
Oxalic acid, lead salt, thermal decomposition of, 1898. Persu. 
Oxazoles, 1960. Pethic 
Oxazoles, 4-cyano-, synthesis of, 1969. Pfitzis 
Oxidation of ethenoid fatty acids and their esters, 343. 106 
with chromic acid, 1666. Phen 
Oxides, properties of, at high temperatures, 1729. 847 
Oxy-acids, esters, co-ordinate link in, and refractivity, 1833. } Phen 
Oxycelluloses, produced by oxidation of cellulose by dinitrogenf _ 8°” 
tetroxide, 1135. Phena 
Ozone, structure of, 1299. Phen 
Phens 
1-Phe 
P. 1-Phe 
Pheng 
Palm oil, glycerides of, and their configuration, 722. 212 
Paludrine, benziminazole analogues of, 1366. Phens 
Parachor of acetals, 616. 129: 
of acetylenic compounds, 674. Pheng 
of aliphatic acids and alcohols, 1814. Pheng 
of aliphatic carboxylic esters, 624. Phens 
of aliphatic disulphides, sulphides, and thiols, 1820. p-Phe 
of n-alkylbenzenes, 607. Phens 
of amines, 1825. 231 
of compounds with 3- and 4-membered carbon rings, 1804. Phenc 
of compounds with 5- and 6-membered carbon rings, 1809. Oxi 
of cyanides, 674. Phen 
of esters of oxy-acids and of nitro-paraffins, 1833. atio 
of ethers, 616. Phenc 
of ethylenic compounds, 658. pot 
of halogens, 644. Phenc 
of ketones, 610. 3:4- 
of a-naphthyl and phenyl groups, 654. and 
Patulin, synthesis of, 1295. N-Ph 
Pectic substances, 2311. “a 
Pectin, sugar-beet, araban component of, 2311. 4-Phe 
Pedler Lecture, 386. 6-ni 
Penicillenic acid, analogues of, 1060. 4-Phe 
Penicillic acid, compounds related to, 1508. 4-Phe 
synthesis of, 1508. 4-Phe 
Penicillin, synthesis of, experiments on, 1964. 4-Phe 
Sana acid. See a-n-Heptylpelargonic a 

acid. 

cycloPentamethylenedicyandiamide, 1633. 4-Phe 
NN-cycloPentamethyleneguanidine, sulphate, 1643. Phen: 
Pentamethyleneimine, 2-imino-, 1522. n-al 
4:4-cycloPentamethylene-3-methylthiazolidine-2-thione, ary’ 


5-imino-, 1621. m 


4:4-cycloPentamethylene-8-methyithiasolid-6-one-2-thione, °- 
1621. - 
1:2:2:6:6-Pentamethyl-4-ethynylpiperidine, 4-hydroxy-, and ita 45- 


4-acetyl derivative, perchlorate, 808. n-p) 
n-Pentane, 1-nitro-, preparation and physical properties of, 









1847. 2-tl 
Pentan-2-ol, 1-amino-, and its 1-benzoyl derivative, 1909. 7-Phe 
Pentan-2-one, l-amino-, 1-benzoyl] derivative, 1909. 139 

tetrabromo-, 277. 7-Phe 
cycloPentanone oxime benzenesulphonate, 1518. 2-Phe 
6:12:18:24:30-Pentaoxa-3:9:15:21:27:33-hexathiapentatria- Phen: 

contane, 1:35-dichloro-, and its derivatives, 44. 125 
3:6:9:12:15-Pentathiaheptadecane, 1:7-dichloro-, 46. Phen; 
Pent-3-ene, 1-nitro-2-hydroxy-, 2-acetyl derivatives, andj | Van 

1-nitro-2-3:5-dinitrohydroxy -, 3:5-dibenzoy] derivative, 1908 Phen: 
Pent-2-ene-5:5-dicarboxylic acid, 1-cyano-, ethyl ester, 233. 125 
Pent-3-en-2-ol, 1-nitro-, derivatives, 1907. Phen 
5:6-cycloPentenopyrimidine, 2-cyanoamino-4-hydroxy-, 578. Phen: 
cycloPentindene, 974. 2:4. 
cycloPentyl ethyl and methy] ethers, 1811. _ «Gp Phe 
Peracetic acid, preparation of, and its reaction with f-diiso-§ _ P-t 

butylene, 286. aa 





with diisobutylene, 1330. 
Per-acids, organic, reaction of, with a-ditsobutylene, 1328. 
with B-diisobutylene, 284. 
with olefins, 1331. 
Perbenzoic acid, reaction of, with diisobutylene, 1329. 
Performic acid, reaction of, with diisobutylene, 1329. 
Periodates. See under Iodine. 
Periodic system of the elements, 318. 
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Peroxides, bond energies in, 331. 
bond strengths in, 403. 
preparation of, 2216. 
Persulphates. See under Sulphur. 
Pethidine, homologues of, and their pharmacology, 559. 
— reactions in synthesis of quinoline derivatives, 
106. 
Phenacyl-N-alkylarylamines, stability and reactions of, 
847 


Phenacylarylamines, conversion of, into indoles, 847, 858. 
isomerisation and indolisation of, 858. 

Phenacyl-p-chloroaniline, 869. 

Phenacyl-3:4-dimethylaniline, 869. 

Phenacyl-p-ethylaniline, 869. 

1-Phenacyl-2(or 3)-phenyl-5-ethylindole, 870. 

1-Phenacyl-2(or 3)-phenyl-5-methylindole, 869. 

~~ photochemical reactions of, with ethylenes, 
2126. 

Phenanthridine, 
1292. 

Phenanthridine series, syntheses in, 1284. 

Phenanthridinium salts, trypanocidal properties of, 188. 

Phenanthro(9’:10’:2:3)-5-azaquinoxaline, 7-bromo-, 1391. 

p-Phenanthroline, l-amino-, 1290. 

a, 1:3-dihydroxy-, and its 1:3-diacetyl derivative, 
2318. 

Phenols, oxidation of, by persulphates, 2303. 
oxidation products of, 116. 

Phenolsulphonic acids, 2-amino-, nuclear-substituted, prepar- 
ation of, 212. 

Phenol-2-sulphonic acid, 3:4- and 5:4-dichloro-, and _ their 
potassium salts, 213, 214. 

Phenol-6-sulphonic acid, 2:3:4-trichloro-, and its sodium salt, 
3:4- and 4:5-dichloro-2-amino-, and 3:4-dichloro-2-nitro-, 
and its sodium salt, 214. 

N-Phenoxyacetyl-p-toluenesulphonamide, 111. 

“a ”’-9-Phenoxycholesterol, and its esters, 1803. 

4-Phenoxycinnoline, 8-chloro-, and 8-nitro-, 1705. 
6-nitro-, 359. 

4-Phenoxy-3-methylcinnoline, 358. 

4-Phenoxy-3-methylcinnoline, 6- and 8-nitro-, 358. 

4-Phenoxy-7-methylcinnoline, and 8-nitro-, 1705. 

4-Phenoxy-8-methylcinnoline, and nitro-, 1706. 

4-Phenoxyquinazoline, 6- and 7-nitro-, 364. 

2-Phenoxyquinoline, 6-nitro-, 1708. 

4-Phenoxyquinoline, 6- and 8-nitro-, 1708. 

Phenyl alkyl sulphides, preparation and properties of, 1822. 
n-amyl and hexyl sulphides, 1823. 
aryl sulphides and sulphoxides, preparation of, with phenyl- 

esium bromide, 528. 
4-nitro-1-naphthyl sulphide, 2:4-dinitro-, 2022. 
2:4-dinitro-1-naphthy] sulphides, 2- and 4-nitro-, 2022. 
4:5-dinitro-1-naphthyl] sulphide, 2022. 
n-propyl ether, p-bromo-, preparation of, 153. 
2-thienyl sulphide and sulphoxide, 526. 
2-thienyl sulphide, p-nitro-, 527. 

‘ccc and its trinitrobenzene derivative, 

7-Phenylacenaphthylene, and its derivatives, 1397. 

2-Phenylacetamidodiphenyl, 2-p-nitro-, 196. 

— acid, halogen derivatives, preparation of, 

Phenylacetic acids from 2-nitro-derivatives of vanillin, iso- 
vanillin, and veratraldehyde, 376. 

“ones acids, bromo-, and chloro-, and their derivatives, 


Phenylaceto-f-naphthalide, and o- and p-bromo-, 1255. 
Phenylacetone, 2-nitro-4-amino-, oxime, 1718. 
2:4-dinitro-, derivatives of, 1717. 


2:7:9-triamino-, and 9-chloro-2:7-dinitro-, 


§ p-Phenylacetophenone ee phenylmethyl-, and 


p-tolyl-hydrazones, . 
Phenylacetylmethylcarbinol p-nitrobenzoate, 1676. 
N-Phenylacetyl-p-toluenesulphonamide, 111. 
B-Phenylacrylamide, a-amino-, and its isomeride, 1063. 
€- or 7-Phenylalloxaszine, 222. 
a-Phenylallyl esters, bimolecular isomerisation in, 1. 
4-Phenyl-1-allylpiperidine-4-carboxylic acid, ethyl ester, and 
its hydrochloride, 561. 
Phenylammonium benzenesulphonate, p-bromo-, 1525. 
— 1522. 
N 
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4-Phenyl-1-n-amylpiperidine-4-carboxylic acid, ethyl ester, 
and its hydrochloride, 561. 

1-Phenyl-1-p-anisyl-2-p-ethoxyphenylethylene, 2-bromo-, 155. 

Phenylarsonic acid, p-thiocyanato-, 375. 

Phenyl aryl sulphones, preparation of, with phenylmagnesium 
bromide, 528. 

N-Phenylbenzimino-5:7-dichloro-8-quinolyl ether, 1605. 

N-Phenylbenziminoethyl ether, 1523. 

N-Phenylbenzimino-f-naphthyl ether, 1523. 

N-Phenylbenziminophenyl ether, 1523. 

N-Phenylbenzimino-8-quinolyl ether, 1604. 
N-o-chloro-, 1605. 

9-Phenyl-7:8-benzoisoalloxazine, 222. 

2-Phenyl-5:6-benz-1:3-oxazine, 5:2’-dinitro-6’-hydroxy-, and 
its acetyl derivative, 1609. 

N-Phenyl-N’-benzylbenzamidine, and its picrate, 519. 

B-Phenyl-S-benzylcysteine, 1063. 

2-Phenyl-4-benzylideneoxazol-5-one, 315. 

Phenyl a-bromo-p-methylbenzyl ketone, 866. 

y-Phenylbutaldehyde, y-o-hydroxy-, and its 2:4-dinitrophenyl- 
hydrazone, 1577. 

3-Phenylbutane-1:3-diol, derivatives of, 93. 

3-Phenylbutan-3-ol, 1-chloro-, 93. 

Phenyl-n-butylcarbamic acid, ethyl and methyl esters, 878. 

N'-Phenyl-N*-n-butyldiguanide, N*-p-chloro-, 1643. 

2-N1-Phenyl-N?-n-butylguanidino-NV*-4-8-diethylamino- 
ethylamino-6-methylpyrimidine, 2-N'-p-chloro-, and 
dihydrochloride, 593. 

N-Phenyl-N’-n-butylguanylthiourea, N-p-chloro-, 1642. 

4-Phenyl-1-sec.-butylpiperidine-4-carboxylic acid, ethyl ester, 
and its hydrochloride, 561. 

8-Phenyl-3-isobutyrylpropanecarboxylic acid, 1744. 

3-Phenyl-3-isobutyrylpropyl cyanide, 1744. 

Phenylcarbamic acid, o-bromo-, and 2:5-dichloro-, ethyl esters, 

881. 
_. 4-chloro-2-nitro-, ethyl ester, 878. 
eee acid, and its N-phenylimide, 


N. -Phenyl-2:4-dichlorobenzamidine, and its salts, 306. 
1-Phenyl-1-p-chlorophenyl-2-p-acetylphenylethylene, 
oxime, 1080. 

re ne or 1-bromo-, 
1081. 

8-Phenylcoumarin, 4:7-dihydroxy-, and its derivatives, 
175. 


B-Phenylcysteine hydrochloride, 1065. 
synthesis of, 1060. 
B-Phenyl-a-deuteropropionic acid, preparation 
attempted asymmetric . 1086. 
Phenyldicyandiamide, p-chloro-, and p-iodo-, 1634. 
p-fluoro-, 1634. 
2-Phenyl-1:1-di-p-ethoxyphenylethylene, 2-bromo-, 155. 
2-Phenyl-5-3’:4’-diethoxyphenyl-4-methyloxazole, 890. 
N’-Phenyl-N-(4-2’-diethylaminoethylamino-6-methyl-5-ethyl- 
2-pyrimidyl)formamidine, N’-p-chloro-, 1716. 
N’-Phenyl-N-(4-2’-diethylaminoethylamino-6-methyl-2- 
pyrimidyl)formamidine, N’-p-chloro-, 1716. 
N-Phenyl-N’N’ -di-(2-fluoroethyl)urea, 2176. 
8-Phenyl-3:4-dihydrophthalazine, 1:4-dihydroxy-3-(2’-chloro- 
5’-nitro-), 209. 
$-Pheny!-3:4-dihydrophthalazine-4-acetic acid, 1-hydroxy-, and 
its derivatives, 1250. 
1-hydroxy-3-(2’:4’6’-tribromo-), and its derivatives, 598. 
1-hydroxy-3-2’-chloro-, and its derivatives, 1027. 
1-hydroxy-3-3’-chloro-, and its derivatives, 600. 
1-hydroxy-3-4’-chloro-, 601. 
1-hydroxy-3-(2’-chloro-5’-amino-), 308. 
1-hydroxy-3-(2’-chloro-5’-nitro-), and its derivatives, 207. 
8-Phenyl!-3:4-dihydrophthalazine-1-sulpho 
3-(2’:4’:6-tribromo-), sodium hydrogen salt, 598. 
3-2’-chloro-, sodium hydrogen salt, 1027. 
3-3’-chloro-, sodium hydrogen salt, 600. 
3-4’-chloro-, sodium hydrogen salt, 601. 
3-(2’-chloro-5’-nitro-), sodium hydrogen salt, 207. 
Phenyl 3:4-dimethoxybenzyl ketone, 2:4-dihydroxy-, 175. 
N’-Phenyl-N-(4:6-dimethoxy-2-pyridyl)formamidine, N’-p- 
chloro-, 1716. 
2-Phenyl-4-p-dimethylaminobenzylidene-5-oxazolone, 87. 
a-Phenyl-a-(2-dimethylaminoethyl)butyrolactone, and 
hydrochloride, 808. 


its 


and its 
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4-Phenyl-3: —“mnee ag crn acid, and its S-benzyl- 
thiouronium salt, 1743. 
lactone, 1745. 
N}-Phenyl-N?:N*-dimethyldiguanide, N'-p-chloro-, 
hydrochloride, 1641. 
N-Phenyl-N*:N*-dimethyldiguanide, N+-p-chloro-, 
hydrochloride, 1651. 
N'-Phenyl-N*:N*-dimethyldiguanide, and its hydrochloride, 


and its 


and its 
and N?-p-chloro-, 1644. 

N-Phenyl-N°*:N' °dimethyl-N' -ethyldiguanide, | N+-p-chloro-, 
acetate, 1645. 

N-Phenyl-N’-( N-dimethylguany!)-S-ethylisothiourea, N-p- 
chloro-, 1642. 

N-Phenyl-N’-(N N-dimethylguanyl)thiourea, and N-p-chloro-, 
1642. 

2-Phenyl-4:5-dimethyliminazole, 734. 

2-Phenyl-4:5(or 5:6)-dimethylindole, 870. 
derivative, and 1-2-nitro-, 1139. 

N?-Phenyl-N?:N*-dimethyl-N*-isopropyldiguanide, N}-p- 

N'-Phenyl-N?:N*-diisopropyldiguanide, N+-p-chloro-, hydro- 
chloride, 1644. 
hydrochloride, 1651. 

2’-Phenyl-2:6’-diquinolyl, 2’-p-amino-, and -nitro-, 2011. 


1-Phenyl-2:4-dimethylnaphthalene, 1-2-amino-, and its acetyl 

chloro-, and its acetate, 1641. 
N'-Phenyl-N*:N*-diisopropyldiguanide, N1-p-chloro-, and its 
Phenyldithiobiuret, p-chloro-, 1653. 


o-Phenylene dicyanide, 3: 6-dihydroxy- , 3:6-diacetyl derivative, 
305. ; 


p-Phenylenebisdichloroarsine, 2212. 

Phenyl p-ethoxybenzyl ketone, preparation of, 152. 

2-Phenyl-1-ethoxyphenyl-1-p-n-propoxyphenylethylene, 
2-bromo-, 155. 

1-Phenylethyl alcohol, 


2:2:2-trichloro-l-p-amino-, and _ its 


1-p-acetyl derivative, 1459. 
2-(2’:6’-dinitro-4’-amino-), 
1277. 
a. alkyl and amyl sulphides, 2-(2:4:6-trinitro-), 
1612. 


and its diacetyl derivative, 


chloride, 2-(2:4:6-trinitro-), 1614. 
N’-Phenyl-N?-ethyl-N*-n-butyldiguanide, N+-p-chloro-, hydro- 
chloride, 1645. 
N'-Phenyl-N*-ethyl-N*-n- and -iso-butyldiguanides, N1-p- 
chloro-, hydrochlorides, 1644. 
4-Phenyl-1-ethyldecahydroquinoline, and its picrate, 2016. 
4-Phenyl-l-ethyldecahydroquinoline, 4-p-hydroxy-, hydro- 
bromide, 2017. 
N'-Phenyl-N*-ethyldicyandiamide, N-p-chloro-, and N!-p- 
iodo-, 1639, 1640. 


N'-Phenyl-N*-ethyldiguanide, N1-p-chloro-, 1643. 
ee salts, olefin formation from, 


2-Phenylethyldimethylsuphonium salta, olefin formation from, 


2-N'-Phenyl-N*-ethylguanidino-N*-4-8-diethylaminoethyl- 
amino-6-methylpyrimidine, 2-N1-p-chloro-, 593. 

N-Phenyl-N’-ethylguanylthiourea, N-p-chloro-, 1642. 

3-Phenyl-3-ethylpentanecarboxylic acid, and its S-benzyl- 
thiouronium salt, 1744. 

.  eiree acid, ethyl 


N'-Phenyl-N?-ethyl-N’' *-isopropyldiguanide, 
hydrochloride, 1645. 
N}-p-chloro-, and its hydrochloride, 1641, 1644. 
N*-Phenyl-N*-ethyl-N*-isopropyldiguanide, N*-p-chloro-, and 
its hydrochloride, 1652. 
N'-Phenyl-N*-ethyl-N?-n- and -~iso-propyldiguanides, N1-p- 
chloro-, hydrochlorides, 1644. 
2-Phenylethylpyridinium salts, 2-(2:4:6-trinitro-), 1614. 
2-Phenylethylquinolinium chloride, 2-(2:4:6-trinitro-), 1615. 
3-Phenyl-3-ethylundecanecarboxylic acid, 1745. 
—— m-bromo-, and its ethyl ester, and nitroso-, 


ester, 


N}-p-bromo-, 


N-nitroso-, and its benzyl ester, dipole moments of, 2269. 
— group, parachor and refractivity of, 654. 

Phenylguanidine, p-chloro-, 590. 
2-Phenylguanidine-4-amino-6-methylpyrimidines, 4-sub- 

stituted, 580. 
4-Phenylguanidino-2-y-di-n-butylaminopropylamino-6-methyl- 
pyrimidine, 4-p-chloro-, 591. 


- 2-Phenylguanidino-5:6-cyclopentenopyrimidine, 
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2-Phenylguanidino-4-8-diethylaminoethylamino-5:6-dimethyl- 
pyrimidine, 2-p-chloro-, and its dihydrochloride, 578. 
2-Phenylguanidino-4-8-diethylaminoethylamino-5:6-cyclo- 
hexenopyrimidine, 2-p-chloro-, 579. 
2-Phenylguanidino-4-8-diethylaminoethylamino-6-methyl-5- 
tsoamylpyrimidine, 2-p-chloro-, 578. 
2-Phenylguanidino-4-8-diethylaminoethylamino-6-methyl-5-n- 
butylpyrimidine, 2-p-chloro-, 578. 
2-Phenylguanidino-4-f-diethylaminoethylamino-6-methyl-5- 
ethylpyrimidine, 2-p-chloro-, 578. 
2-Phenylguanidino-4-f-diethylaminoethylamino-6-methyl- 
pyrimidine, 2-p-amino-, 581. 
4-Phenylguanidino-2-8-diethylaminoethylamino-6-methyl- 
pyrimidine, 4-p-chloro-, 591. 
4-Phenylguanidino-6-8-diethylaminoethylamino-2-methyl- 
pyrimidine, 4-p-chloro-, 593. 
2-Phenylguanidino-4-f-diethylaminoethylamino-5:6-cyclo- 
pentenopyrimidine, 2-p-chloro-, 578. 
2-Phenylguanidino-4-f-diethylaminoethylamino-6-phenyl- 
pyrimidine, 2-p-chloro-, 578. 
2-Phenylguanidino-4-f-diethylaminoethylaminopyrimidine, 
2-p-chloro-, 578. 
2-Phenylguanidino-4-5-diethylamino-ca-methylbutylamino-6- 
methylpyrimidine, 2-p-chloro-, and its dipicrate, 585. 
per ne ag ine og ~ nae 
methylpyrimidine, 2-p-chloro-, 5 
Pen en a er ee 
tsoamylpyrimidine, 2-p-chloro-, dihydrochloride, 578. 
2-Phenylguanidino-4~y-diethylaminopropylamino-6-methyl-5- 
n-butylpyrimidine, 2-p-chloro-, 578. 
2-Phenylguanidino-4-y-diethylaminopropylamino-6-methyl- 
5-ethylpyrimidine, 2-p-chloro-, 578. 
2-Phenylguanidino-4-y-diethylaminopropylamino-6-methyl- 
5-n-propylpyrimidine, 2-p-chloro-, and its dihydrochloride, 
578. 


4-Phenylguanidino-2-y-diethylaminopropylamino-6-methyl- 
pyrimidine, 4-p-chloro-, 5 

4-Phenylguanidino-6-y-diethylaminopropylamino-2-methyl- 
pyrimidine, 4-p-chloro-, 593. 

2-Phenylguanidino-4:6-dimethylpyrimidine, 2-p-chloro-, 581. 

2-Phenylguanidino-5:6-dimethylpyrimidine, 4-chloro- and 
4-hydroxy-2-p-chloro-, 577. 

2-Phenylguanidino-5: ee, 
chloro-, and 4-hydroxy-2-p-chloro-, 5 

9 Fhsasigunaitnnt tohoncy-O-ghenslogeiatites, 2-p-chloro-, 


4-chloro-2-p- 


578. 

2-Phenylguanidino-6-methyl-5-n-propylpyrimidine, 4-chloro-2- 
p-chloro-, 578. 

#-Phenylguanidin o-4-methylpyrimidine, 4-hydroxy-2-3’:5’-di- 
chloro-, 5 

2-Phenylguanidino-6-methylpyrimidine,  4-hydroxy-2-(2’:5’- 
dichloro-), 579 

4-Phenylguanidino-6-methylpyrimidine, 2-hydroxy-4-p-chloro-, 
hydrochloride, 590. 

4-hydroxy-2- 

p-chloro-, 579. 

N-Phenylguanyl-S-benzylisothiourea, N-p-chloro-, hydro- 
chloride, 1653. 

N-Phenylguanyl-N’-n-butylthiourea, N-p-chloro-, and _ its 
hydrochloride, 1651. 

N-Phenylguanyl-O-ethyl-N’-isopropylisourea, N-p-chloro-, and 
its acetate and hydrochloride, 1652. 

N-Phenylguanyl-N’-ethylthiourea, N-p-chloro-, and its hydro- 
chloride, 1651. 

N-Phenylguanyl-S-ethylisothioures, N-p-chloro-, hydriodide, 


N-Phenylguanyl-S-methyl-N’-isopropylisothiourea, N-p- 
chloro-, and its hydrochloride, 1652. : 
N-Phenyiguanyl-N’ -methylthiourea, and its 

hydrochloride, 1651. 
Sea Cama, N-p-chloro-, hydriodide, 


N-Phenylguanyl-N’-n-propyithiourea, N-p-chloro-, and its 
hydrochloride, 1651. > 

N-Phenyiguanyl-N’-isopropylthiourea, N-p-chloro-, and its 
hydrochloride, 1651. 

N-Phenylguanyl-S-isopropylisothiourea, N-p-chloro-, hydro- 
bromide, 1653. 

Phenylguanylthiourea, p-chloro-, and its hydrochloride, 1653. 
p-iodo-, hydrochloride, 1654. 


N-p-chloro-, 
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4-Phenyl-3:4:5:6:7:8-hexahydrocoumarin, 2015. 
4-Phenyl-3:4:5:6:7:8-hexahydrocoumarin-3-carboxylic acid, ethyl 
ester, 2014. ; 
N'-Phenyl-N*-cyclohexyl-N'-isopropyldiguanide, N+-p-chloro-, 
and its hydrochloride, 1652. 
2-Phenyl-4-(1-hydroxyethylidene)oxazol-5-one, 315. 
2-Phenyl-4-(1-hydroxypropylidene)oxazol-5-one, 315. 
2-Phenylimino-3-acetyl-4-phenylthiazoline, 5-amino-, 5-acetyl 
derivative, 1266. 
2-Phenylindole, 5-chloro-, 870. 
2-p-Phenylindole, and 1-nitroso-, 854. 
Phenylmagnesium bromide, use of, for preparation of phenyl 
aryl sulphides, sulphones, and sulphoxides, 528. 
N-Phenyl-N’-methylacetamidine, 1521. 
N-Phenyl-N’-methylbenzamidine, preparation of, 1619. 
N1-Phenyl-N?-methyl-N*-n-butyldiguanide, N+-p-chloro-, 
hydrochloride, 1645. 
N'-Phenyl-N*-methyl-N°-n-butyldiguanide, N1-p-chloro-, and 
its hydrochloride, 1652. 
4-Phenyl-1-(1’-methylbutyl)piperidine-4-carboxylic acid, ethyl 
ester, and its hydrochloride, 561. 
Phenylmethylcarbamy] fluoride, 2186. 
<< [tetas 















hydrochloride, 


734. 

N'-Phenyl-N?-methyldicyandiamide, N'-p-bromo-, N?-p- 
chloro-, and N}-p-iodo-, 1639, 1640. 
<r e l-cyano-, 


N}-Phenyl-N‘-methyl-N*-diguanide, N*-p-chloro-, and its 
hydrochloride, 1651. 

3-Phenyl-4-methyl-3:4-dihydrophthalazine, 1:4-dihydroxy-3- 
(2’-chloro-5’-nitro-), 209. 

1-Phenyl-4-S-methylisodithiobiuret, 1-p-chloro-, 1654. 

oe ee e-4-carboxylic acid, and its ethyl 
ester, » 

2-N1-Phenyl-N?-methylguanidino-N*-4-8-diethylaminoethyl- 
amino-6-methylpyrimidine, 2-N*-p-chloro-, and its trihydro- 
chloride, 593. 

2-N1-Phenyl-N?-methylguanidino-N* thylaminopropyl- 
amino-6-methylpyrimidine, 2-N*-p-chloro-, and its trihydro- 
chloride, 593. 

2-Phenyl-6-methylheptane, 49. 

| 2-Phenyl-6-methylhept-2-ene, 49. 

Phenylmethylisohexylcarbinol, 49. 

<< ee, and its picrate, 


2-Phenyl-5-methyliminazole-4-carboxyaldehyde, and its 2:4-di- 
nitrophenylhydrazone, 734. 
2-Phenyl-l-methylindole, 2-p-chloro-, and 2-p-chloro-3- 
nitroso-, 854. 
2-Phenyl-4-methyloxazole, and its picrate, 1963. 
2-Phenyl-5-methyloxazole, and its picrate, 1962. 
1-Phenyl-p-methylphenacylaniline, 866. 
1-Phenyl-p-methylphenacyl-N-ethylaniline, 867. 
1-Phenyl-p-methylphenacyl-N-methylaniline, 866. 
a ‘Ue bromide, 2:9-p-diamino-, 
8:9-p-diamino-, 195. 
chloride, 2:9-p-diamino-, and its 2-acetyl derivative, and 
2-amino-9-p-nitro-, 193. 
6:9-p-diamino-, and 6- and 8-amino-9-p-nitro-, 195. 
&-Phenyl-1-methylphthalaz-4-one, 2’:4’:6’-tribromo-, 600. 
2’-chloro-, 1029. 
3’-chloro-, 600. 
2’-chloro-5’-amino-, and its acetyl derivative, and 2’-chloro- 
5’-nitro-, 209. 
3-Phenyl-4-methylphthalaz-l-one, and its picrate, 1250. 
picrate and sulphate, 600. 
8-Phenyl-4-methylphthalaz-l-one, 2’:4’:6’-tribromo-, and ite 
Picrate, 599. 
2’-chloro-, and its picrate, 1028. 
4’-chloro-, and its picrate, 601. 
2’-chloro-5’-nitro-, and its picrate, 208. 
3-Phenyl-4-methylphthalaz-1-one-z-sulphonic acid, 1251. 
N-Phenyl-3-methylphthalimidine, 1251. : 
N-Phenyl-3-methylphthalimidine, 4’-chloro-, 601. 
4-Phenyl-1-methylpiperidine-4-carboxylic acid, ethyl ester. 
See Pethidine. 
N*-Phenyl-N*-methyl-N*-isopropyldiguanide, N-p-chloro-, and 
its picrate, 1641, 1644, 
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N'-Phenyl-N*-methyl-N*-n- and -iso-propyldiguanides, N*-p- 
chloro-, and their hydrochlorides, 1652. 

N’-Phenyl-N*-methyl-N*-isopropyldiguanide, chloro-, p-cyano-, 
p-iodo-, and p-nitro-, hydrohalides, 1635. 

5-Phenyl-2-methylpyrimidine-4-carboxylic acid, ethy] ester, 556. 

2-Phenyl-4-p-methylsulphonylbenzylidene-5-oxazolone, 1506 

4-Phenyl-2-p-methylsulphonylphenylthiazole, 1507. 

C-Phenyl-N-methylsydnone, 2310. 

N-Phenyl-S-methylisothiourea, N-p-chloro-, 590. 
‘-Phenyl-S-methylisothiourea, N-cyano-N’-p-bromo-, -N’-p- 
chloro-, and -N’-p-iodo-, 1639. 

1-Phenylnaphthalene, 1268. 

1-Phenylnaphthalenes, 1270. 

1-Phenylnaphthalene, 1-2-amino-, and 1-2-nitro-, 1139. 
4:7-diamino-, and its dibenzoyl derivative, and 4:7-dinitro-, 
1268. 

1-Phenylnaphthalene-2’-carboxylic acid, 4’-nitro-, 1235. 

oe or -8-carboxylic acid, 4’:7-dinitro-, 
1268. 

ee ae acid, 5:6’-dihydroxy-, 


4’:7-dinitro-, and its derivatives, 1268. 
a-Phenyl-8-(2-naphthyl)acrylic acid, 1602. 
Phenyl-2-naphthylarsonous acid, 2209. 
Phenyl-2-naphthylcyanoarsine, 2211. 

— and -f-naphthylethanes, and their derivatives, 

1396. 
1-Phenyl-1l-c-naphthylethylene, and its trinitrobenzene deriv- 

ative, 1396. 
1-Phenyl-1-8-naphthylethylene, and its derivatives, 1396. 
1-Phenyl-2-(a- and -8-naphthyl)ethylenes, 1602. 
1-Phenyl-2-f-naphthylethylene, photochemical reaction of, 

with phenanthraquinone, 2128. 
2-Phenyloxazoline, and its methiodide, 1922. 
2-Phenyl-A*-oxazoline, addition of hydrogen —_ to, 1919. 
N’-Phenyl-N N-pentamethylenebenzamidine, and its salts, 1520. 
N?-Phenyl-N°:N°-cyclopentamethylene-N *-ethyldiguanide, 

N}-p-chloro-, 1645. 

N-Phenyl-N’-(N N-cyclopentamethyleneguanyl)thiourea, N-p- 

chloro-, 1643. 
N?-Phenyl-N*:N*-cyclopentamethylene-N*-methyldiguanide, 

N}-p-chloro-, 1645. 

Phenylcyclopentanecarboxylic acids, and their derivatives, 974. 
8-Phenylcyclopentanone, derivatives of, 979. 
2-Phenylcyclopentanone-3:5-dicarboxylic acid, dimethyl ester, 

enol form, 978. 
8-Phenylcyclopentyldimethylcarbinol, 978. 
p-Phenylphenacyl-N-ethylaniline, 855. 
p-Phenylphenacyl-N-methylaniline, 855. 
9-Phenylphenanthridine, amino- and hydroxy-9-p-nitro-deriv- 

atives, 195. 

2-amino-9-p-nitro-, 193. 
3-Phenylphthalaz-1-one, and ite derivatives, 1250. 
8-Phenylphthalaz-1-one, 2’:4’:6’-tribromo-, and its picrate, 598. 

2’-chloro-, and its picrate, 1028. 

3’-chloro-, and its picrate, 600. 

4’-chloro-, 601. 

2’-chloro-5’-amino-, and its acetyl derivative, and 2’-chloro- 

5’-nitro-, and its picrate, 208. 
3-Phenylphthalaz-4-one, 2’:4’:6’-tribromo-, 599. 

2’-chloro-, 1028. 

3’-chloro-, 600. 

2’-chloro-5’-amino-, and its acetyl derivative, and 2’-chloro- 

5’-nitro-, 209. 
3-Phenylphthalaz-1-one-2-sulphonic acid, 1251. 
N-Phenylphthalimidine, 2’:4’-dibromo-, 599. 

2’-chloro-, 1028. 

3’-chloro-, 600. 

4’-chloro-, 601. 

N-2:4- and -2:6-dinitro-, 1995. . 
4-Phenylpiperidine-4-carboxylic acid, ethyl ester. See Nor- 

thidine 


pe . 
Phenylpropenylearbinol, kinetics of acid-catal e- 
ment of, in solvent mixtures, 1982. en 
Phenylpropiolic acid, esters, 679. 
Phenylpropiolic acid, p-nitro-, dimerisation of, 1267. 
Phenylpropiolic acids, 1267. 
B-Phenylpropionic acid, a8-dicyano-, ethyl ester, 977. 


a-oximino-8-bromo- and -f-chloro-, 1254. 





Phenyl p-n-propoxy benzyl ketone, 152. 
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N'-Phenyl-N ‘-n-propyl-N*-n-butyldiguanide, N1-p-chloro-, and 
its hydrochloride, 1652. 
N1-Phenyl-N5-isopropyl-N?-n-butyldiguanide, N}-p-chloro-, 
hydrochloride, 1644. 
N'-Phenyl-N*-isopropyldiguanide, bromo-, chloro-, 
fluoro-, iodo-, and nitro-derivatives, 1634, 1635. 
N}-p-bromo-, and N}-p-chloro-, 1643. 
N-Phenyl-N’ <isopropylguanyl-S-ethylisothioures, N-p-chloro-, 
hydrobromide, 1642 
N-Phenyl-N’-isopropylguanylthiourea, N-p-bromo-, and N-p- 
nitro-, 1643 
N -—p-chloro-, 1642. 
Cea mete -eepnenptatpenitine-G-cnrbenpie acid, ethyl ester, 


cyano-, 


N?-Phenyl-N ‘-n-propyl-N*-isopropyldiguanide, N1-p-chloro-, 
and its hydrochloride, 1652. 
N-Phenyl-/1-2-pyridylbenzamidine, and its derivatives, 1520. 
2-Phenylpyrrolidine, and its picrate, 187. 
2-Phenyl-A*-pyrroline, and 2-p-chloro-, and 2-m-hydroxy-, and 
their picrates, 187. 
Phenylpyruvic acid, p-hydroxy-, 
phenylhydrazone, 460. 
2-nitro-5-hydroxy, and its derivatives, 1607, 1608. 
2-Phenylquinoline, 4’-amino-, 4-p-nitrocinnamylidene deriv- 
ative, 2010. 
Phenylquinolines, and their picrates, 2220. 
2-Phenylquinoline-4-carboxylic acid, 2-p-amino-, acetyl and 
benzylidene derivatives, and 2-p-oximinoamino-, acetyl 
derivative, 2010. 
a-Phenyl-8-(6-quinolyl)acrylic acid, 2152. 
2-Phenyl-1-(6-quinolyl)ethanol, 2152. 
Phenylsulphonyl-. See also Benzenesulphony]l-. 
p-Phenylsulphonylacetophenone, 603. 
p-Phenylsulphonylbenzaldehyde, and 4-p-chloro-, 602. 
p-Phenylsulphonylbenzophenone, 603. 
p-Phenylsulphonylbenzylammonium chloride, 382. 
4-Phenylsulphonylbenzylidene diacetate, 4-p-chloro-, 602. 
N-Phenylsydnone, N-m- and -p-bromo-, and C- chloro-, 2310. 
—— 26:7: 8-tetrahydrophenanthridine, and its picrate, 


1-Phenyl-3:1’:3’:3’-tetramethyl-2’-ethylideneindolylidene-5- 
pyrazolone, 690. 
4-Phenylthiazole, 5:2-diamino-, 2-benzoyl derivative, 1266. 
Phenyl-2-thienylchloroarsine, 2211. 
Phenyl-2-thienylcyanoarsine, 2211. 
Pheny] 2-thienyl sulphone, 526. 
Phenyl 2-thienyl sulphone, p-amino-, and p-nitro-, 527. 
2:5-dihydroxy-, 527. 
3-Phenylthioacetamido-2-(2’-carboxy-3’-thionaphthenylcarb- 
amyl)thionaphthen, 3-o-cyano-, 81. 
3-Phenylthioacetamido-2-6’-ketothionaphtheno(2’’:3’’:5:4)-1:3- 
oxazinyl-2’-thionaphthen, 3-0-cyano-, 81 
Phenylthioacetic acid, derivatives, conversion of, into thio- 
naphthens, 81. 
Phenylthiol, 2:4-diamino-, dihydrochloride, 1004. 
B-Phenylthiopyruvic acids, bromo- and chloro-, 1254. 
a ee < sg dichloro-derivatives, "and 4-hydroxy- 
2-p-chloro-, 1772. 
B-5-Phenyl-2-thiothiazolidone-4-carboxyamide, 1339. 
5-Phenyl-2-thiothiazolidone-4-carboxylic acid, 1338. 
5-Phenylthioureido-2-anilino-4-carbethoxythiazole, 2031. 
2-Phenylthioureido-4-dialkylaminoalkylamino-6-methyl- 
pyrimidines, 581. 
2-Phenylthioureido-4-f-diethylaminoethylamino-6-methyl-5- 
ethylpyrimidine, 2-p-chloro-, 584. 
een eg ee Sena 1 ra < ag ~ eee 
pyrimidine, 2-p-bromo-, and 2-p-chloro-, 584. 
agen ng wow ag eect 
pyrimidine, 4-p-chloro-, 592. 
4-Phenylthioureido-6-8-diethylaminoethylamino-2-methyl- 
pyrimidine, 4-p-chloro-, 592. 
2-Phenylthioureido-4-5-diethylamino-a-methylbutylamino-6- 
methylpyrimidine, 2-p-chloro-, and its dihydrochloride, 585. 
2-Phenylthioureido-4-y-diethylaminopropylamino-6-methyl- 
pyrimidine, 2-p-chloro-, 585. 
alpine ney we Aa "eee eaten 
pyrimidine, 4-p-chloro-, 593. 
Phenyltolylarsonous acids, 2209. 
Phenyltolylarsonous acids, chloro-, and nitro-, 2209. 
Phenyltolylchloroarsines, nitro-, 2210. 


methyl ester, 2:4-dinitro- 
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Phenyltolylcyanoarsines, and chloro-, and nitro-, 2211. 
2-Phenyl-3-p-tolyl-1-ethylindole, 866. 
3-Phenyl-2-p-tolyl-1-ethylindole, 866. 
2-Phenyl]-3-p-tolylindole, and its picrate, 866. 
3-Phenyl-2-p-tolylindole, and its picrate, 866. 
2-Phenyl-3-p-tolyl-1-methylindole, 866. 
8-Phenyl-2-p-tolyl-1-methylindole, 866. 

Phenyl p-tolyl sulphone, p-chloro-, 602. 

— *:N®:N5-trimethyldiguanide, N*-p-chloro-, acetate, 


8-Phenylundecan-2-one, and its derivatives, 1744. 

a-Phenylureidobenzyl cyanide, 1266. 

i el 

es, ° 

2-Phenylureido-4-di-n-butylamino-6-methylpyrimidine, 
2-p-chloro-, 584. 

2-Phenylureido-4-y-di-n-butylaminopropylamino-6-methyl- 
pyrimidine, 2-p-chloro-, 584. 

2-Phenylureido-4-5-diethylaminobutylamino-6-methylpyri- 
midine, 2-p-chloro-, 584. 

o_o at raat 
pyrimidine, 2-p-chloro-, 5: 

2-Phenylureido-4-f-diethylaminoethylamino-6-methylpyrimi- 
dine, 2-p-chloro-, 584. 

2-Phenylureido-4-y-diethylaminopropylamino-6-methyl- 
pyrimidine, 2-p-chloro-, 584. 

2-Phenylureido-6-methylpyrimidine, 4:2-p-dichloro-, 583. 
4-hydroxy-2-p-chloro-, 583. 

Se 2-p-chloro., 


‘nia 2-p-chloro., 


5-Phenylvaleric acid, preparation of, 169. 
Phenylvinylmethy] radical, 1111. 
Phenyl-m-4-xylylarsonous acid, 2209. 
2-p-Phenylyl-1-ethylindole, and 3-nitroso-, 854. 
3-p-Phenylyl-1-ethylindole, 855. 
2-p-Phenylyl-1-methylindole, and 3-nitroso-, 854. 
2-p-Phenylyl-5-methylindole, and 1-nitroso-, 854, 855. 
3-p-Phenylyl-1-methylindole, 855 
Phosphorus ¢ribromide, preparation of, 1846. 
oxydichlorofluoride, preparation of, 1011. 
Phosphorus organic compounds, esters, 695, 699, 1010, 1313. 
Phosphorylation, 1106. 
Photochemical oxidation with dichromate, kinetics of, 2119. 
reactions, 2126. 
Phthalazine derivatives, 777. 
from aniline, 1249. 
w=Phthalimido-o-aminoacetophenone, and z-nitro-, o-acetyl 
derivatives, 1174. 
p-Phthalimidobenzenesulphonamide, preparation of, 822. 
p-Phthalimidobenzenesulphonamidomethane, 823. 
2-(p-Phthalimidobenzenesulphonamido)pyridine, 823. 
2-(p-Phthalimidobenzenesulphonamido)thiazole, 823. 
w-Phthalimido-o-hydroxyacetophenone, 1174. 
N‘-Phthalyl-N-methylsulphanilamide, 823. 
N‘-Phthalyl-N1-phenylsulphanilamide, 823. 
N‘*-Phthalylsulphanilamide, derivatives, synthesis of, 821. 
reparation of, 822. 
N‘-Phthalylsulphapyridine, 823. 
N‘-Phthalylsulphathiazole, 823. 
Physical properties and constitution, 607, 610, 616, 624, 64, 
654, 658, 674, 1804, 1809, 1814, 1820, 1825, 1833. 
2-Picoline, 3-amino-, diacetyl derivative, ‘and its picrate, 
200 


$-Picoline, 4-amino-, and 4-hydroxy-, and their derivatives 
199 


Piperidine, derivatives, synthesis of, 2011. 

Piperidine series, 806. 

w Piperidinoacetanilide, p-chloro-o-amino- and -o-nitro-, 1910. 

2-Piperidino-6-amino-4-styrylpyrimidine, 5-nitro-, 1132. 

Piperidinoanthanthrone, 1181. 

2-Piperidino-4:6-bis-(4~dimethylaminostyry]) pyrimidine, 2150. 

B-Piperidinobutyranilide, p-chloro-o-amino- and -o-nitro-, 1911. 

2-Piperidino-4-(2-(4-dimethylaminopheny])ethyl]-6-methyl- 
pyrimidine, 2151. 

—- 4-dimethylaminostyryl)-6-methylpyrimidine, 

6-Piperidino-4-(p-dimethylaminostyryl)pyrimidine, 1715. 

2-Piperidino-4:6-dimethylpyrimidine, 2151. 
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2-Piperidino-4:6-distyrylpyrimidine, 2151. 

2-Piperidinoethylbenzyl cyanide, and its picrate, 809. 

2-Piperidinomethylbenziminazole, 5(or 6)-chloro-, 
hydrochloride, 1911. 

2-Piperidino-5-methylhexyl cyanide, 5-nitro-, 231. 

y-Piperidino-a-phenylbutyric acid, ethy] ester, 809. 

2-y-Piperidinopropylamino-4-hydroxyquinazoline, 
hydrate, 1770. 

2-y-Piperidinopropylaminoquinazoline, 4-chloro-, 1770. 

2-Piperidino-4-styryl-6-methylpyrimidine, 2151. 

Piscidia erythrina, constituents of root bark of, 257. 

Piscidic acid, structure of, and its derivatives, 257. 

Plane trees. See Platanus acerifolia. 

, Plasma albumin. See under Albumin. 

| Platanol, dehydrogenation of, 951. 

Platanus acerifolia, bark, betulinic acid from, 948. 

Platinum bases :— 
Bromotriamminoplatinous salts, 1914. 
Carbonatotriamininoplatinum, 1914. 
Chlorotriaminoplatinous salts, 1913. 
Ethylenediaminodiamminoplatinous picrate, 1915. 
Ethylenediaminotriamminoplatinous chloride, 1915. 
Nitratotriamminoplatinous nitrate, 1914. 
Nitrotriamminoplatinous salts, 1914. 
Oxalatotriamminoplatinum, 1915. 
Picratotriamminoplatinous picrate, 1914. 
Platinous triammines, 1912. 
Sulphatotriamminoplatinum, and its hemihydrate, 1914. 

Pleiadene-7:12-dione, 1-amino-, 1758. 

Pneumococcus, t; I, II, and III, physical properties of 
specific polysaccharides from, 1561. 

Podocarprene, identity of, with kaurene, 1888. 

Podocarpus, ocarprene from, 1888. 

, detoxication of, 1091, 1093, 1916. 

Polarity of bonds, 401. 

Polymethylbenzenes, 2154. 

Polyquinolyls, 2008. 

— specific, from Mycobacterium tuberculosis, 


and its 


hemi- 


ific, from types of Pnewmococcus, 1561. 

Polysiphonia fastigiata, evolution by, of dimethy] sulphide and 
its precursor, 1591. m 

Polystyrene, solution and diffusion of gases in, at high pres- 
sures, 1541. 

Polysulphides. See polySulphides. 

Potassium bromotetrafluoride, 2136. 

Potassium organic compounds :— 
— tert.-butoxide, fission of non-enolisable ketones by, 


Potato starch. See under Starch. 

alloPregnan-20-on-3(f)-yl benzoate, 791. 
Pregn-5-en-20-on-3(8)-yl benzoate, 791. 

Primulaverin, 2220. 

Prins reaction, 89. - 
— a absorption of, by cells of Bacterium lactis aerogenes 


bacteriostatic action of, effect of pH on, 1235. 
Progesterone, —— analogues of, 1078. 
ee 1:2-dichloro-2-nitro-, and 1:2:3-trichloro-2-nitro-, 
cycloPropanecarboxylic acid, and its esters, preparation of, 


cycloPropane-1:1-dicarboxylic acid, preparation of, and its 
esters, 1806. 


Propanethiol, 2-hydroxy-, 39. 

Propanol, 2:3-dimercapto-, preparation of, from 2:3-dichloro- 
propanol, 1393. 

1-Propenylbenzene, spectrum of, absorption, 1124. 

2-Propenylbenziminazole, 5(or 6)-chloro-, 1911. 

Propenylethynylearbinol, and its acetate, rearrangement and 
hydrolysis of, 794. 

Propionic acid, a-fluoro-, methyl ester, 1777. 

2-Propionylcarbamylthionaphthen, 2-hydroxy-, and its O-acetyl 
derivative, 83. 

Propionylearbinyl benzoate, and its semicarbazone, 275. 

B-Propionylerotonolactone, a-hydroxy-f-f’-chloro-, a-acetyl 
derivative, 1298. 

4-Propionyl-3-methylphenol, 6-amino-, and 6-nitro-, 2146. 

N-Prop: uenesulphonamide, 112. 

Propiophenone, nitration of, 356. 
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Propiophenone, o- and m-amino-, m-bromo-, 5-bromo-2- 
amino-, 5-bromo-2-nitro-, 5-chloro-2-amino-, 5-chloro-2- 
= 3- and 5-nitro-2-amino-, and their derivatives, 356, 

57. 
p-amino-, and its acetyl derivative, azines of, 685. 
2’-n-Propoxydiethyl sulphilimine, 2179. 
2-n-Propoxydiethyl sulphone, 2-chloro-, 2179. 
p-n-Propoxyphenylacetic acid, ethyl ester, 153. 
n-Propyl nitrate, preparation and physical properties of, 1847. 
2-isoPropylamino-6-hydroxy-4-methyltriazine, 1369. 
N1-isoPropyl-N*-n-butyldicyandiamide, 1650. 
m-Propylearbamic acid, 2- and 3-chloro-, 2:3-dichloro-, N- 
nitroso-2- and -3-chloro-, and N-nitroso-2:3-dichloro-, methyl 
esters, 2320. 

2-n-Propyleinchoninic acid, and 6-bromo-, and 6-bromo-4- 
hydroxy-, 108. 

isoPropyldicyandiamide, 1369. 

Profyldicyandiamides, 1633. 

n-Propyldimethylsulphonium salts, olefin formation from, 2072. 

isoPropyldimethylsulphonium salts, olefin formation from, 2077. 

Propylene, 3:3:3-trichloro-1-nitro-, 1989. 

isoPropylguanidine, sulphate, 1641. 

“a << and 5-chloro-, and their 

ts, L 
2-(N*-isoPropylguanidino)benziminazole, 5:6-dichloro-, and its 
salts, 1370. 
a ene 0)-5:6-dimethoxybenziminazole, and its 
ts, 5 
ne eae and ite 
ts, b 
eee and its 

—" Propylguanidino)-5-methylbenziminazole, and its salts, 

N-isoPropylguanyl-S-methylisothiourea, hydriodide, 1654. 

isoPropylguanylthiourea, 1654. 

trans-2-Propylcyclohexylbenzamide, 2-3’-bromo-, 1375. 

N1-tsoPropyl-N*-cyclohexyldicyandiamide, 1650. 

5-Propylhydantoin-5-acetic acid, ethyl ester, 1389. 

isoPropylidenemalonic acid, calcium salt, 1684. 

4-isoPropylidene-2-thiothiazolone, 1339. 

n-Propylmalonic acid, esters, 633. 

tsoPropyl nonyl ketone, 1745. 

1-isoPropylcyclopentane-3:4-bis-(8-butyric acid), 168. 

1-isoPropylcyclopentane-3:4-bis-(a-propionic acid), 

di-p-phenylphenacy] ester, 167 

p-isoPropylphenol, preparation of, 166. 

N'-n-Propyl-N?-isopropyldicyandiamide, 1650. 

y~tsoPropylsuberic acid, 168. 

a-Propylsuccinic acid, a-amino-, 1389. 

p-Propylsulphonylbenzylammonium chlorides, 382. 

p-isoPropylsulphonylpheny! cyanide, 383. 

N-isoPropylthiobenzamide, 1924. 

2’-n-Propylthiodiethyl sulphide, 2-chloro-, 2179. 

2-n-Propylthiopyridine, 5-amino-, and its hydrochloride, and 

5-nitro-, 1944. 

N’S-Propylisothioureas, N-cyano-, 1633. 

Proteins, adsorption on, of water vapour, 1083. 

Protocatechuic aldehyde. See Benzaldehyde, 4:5-dihydroxy-. 

Prototropy, three-carbon, 17. 

Provitamin-D,. See 7-Dehydrocholesterol. 

Pseudomonas mors-prunorum, levan produced from sucrose by, 

1560. 
Purine nucleosides, synthesis of, 957, 965, 967, 1685. 
Purpurogallin, 1045. 
structure of, 116. 
Pyrazine derivatives, 1855, 1859, 1862. 
Pyrazine, amino-, derivatives, synthesis of, 1855. 
hydroxy-, derivatives, preparation of, 1862. 
Pyrazines, 2-chloro-, oxidation of, with hydrogen peroxide, 
1859. 

Pyridazine derivatives, from sucrose, 2191, 2195, 2199. 

$-Pyridazine-6-carboxylic acid, 3-chloro-, 2198. 

$-Pyridazone-6-carboxylic acid, ethyl ester, hydrate, 2197. 

. methyl ester, 2194. 

Pyridine, catalytic hydrogenation of, self-poisoning in, 1093. 
derivatives, 2:5-disubstituted, 1939. 
reactions of, with acyl peroxides, 2218. 

Pyridine, 2:3-diamino-, 5-bromo-2:3-diamino-, and its deriv- 
atives, and 5-bromo-3-nitro-2-amino-, 1391. 


and its 
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Pyridine, 2:3:6-triamino-, triacetyl derivative, 1392. 
2-chloro-5-cyano-, and 5-cyano-2-mercapto-, 1942. 
2-hydroxy-, l-oxide, and its copper salt, 1866. 

Pyridinium benzenesulphonate, 2-amino-, 1522. 
salts, reaction of, with tetra-arylglycols, 385. 

Pyridoacridine, derivatives, 123. : 

1:2:2’:3’-Pyridoacridine, 5-amino-, 5-chloro-, 5-chloro-4-fluoro-, 
and 4-fluoro-5-amino-, and their derivatives, 290. 

1:2:3’:2’-Pyridoacridine, 5:8-dichloro-, 126. 

3:4:3’:2’-Pyridoacridine, 5:8-dichloro-, 126. 

4-N-Pyridylacetamido-2-methyl-1-naphthol chloride, 185. 

B-Pyridyl(4)alanine dihydrochloride, 88. 

N-Pyridyl(4)-p-aminobenzoic acid, and its hydrochloride, 241. 

2-(2’-Pyridylamino)-4-8-diethylaminoethylamino-6-methyl- 
pyrimidine, and its dihydrochloride, 595. 

4-(2’-Pyridylamino)-2-8-diethylaminoethylamino-6-methyl- 
pyrimidine, 596. 
$-(2’-Pyridylamino)-4-hydroxy-6-methylpyrimidine, 595. °* 

2-(2’-Pyridylamino)-6-methylpyrimidine, 4-chloro-, 595. 

Pyridylaminopyrimidines, 594. 

o-Pyridylbenzoic acid, methyl ester, picrates, 2219. 

N-2-Pyridyl-N’-methylacetamidine, 1521. 

B-Pyridyl(4)propionic acid, a-oximino-, and its ethyl ester, 88. 

§-2-Pyridylthiuronium chloride, S-5-cyano-, 1942. 

Pyrimidine, 2:4:5-triamino-6-hydroxy-, 5-acetyl, 5-p-acetyl- 
benzenesulphonyl, and 5-p-aminobenzenesulphonyl de- 
rivatives, 1159, 1161. 

5-benzoyl and 5-a-hydroxypropiony] derivatives, 1160. 

Pyrimidines, substituted, spectra of, infra-red, 2265. 

Pyrimidylaminopyrimidines, 594. 

Pyrimidyl-5-oxamic acid, 2:4-diamino-6-hydroxy-, and its 
sodium salt, 1160. 


Q. 


Quinaldine, 6-bromo-4-hydroxy-, and its picrate, 108. 
Quinazoline, 2:4:6- and 2:4:7-trichloro-, 6- and 7-chloro-2:4- 
dihydroxy-, 2:4-dichloro-6- and 7-nitro-, and 7-nitro-2:4- 
dihydroxy-, 1762, 1763. 
6- and 7-nitro-4-amino-, and their acetyl derivatives, 364. 
6- -_ 7-nitro-4-hydroxy-, reactions of, and their derivatives, 


Quindoline, quaternary salts, -bases from, 919. 

Quinindoline, preparation of, 923. 

Quinindoline, 9-amino-, and 9-nitro-, and their acetyl deriv- 
atives, 924. 

Quinol, clathrate compound of, with methyl alcohol, 571. 
compounds of, and their structure, 65, 815. 
condensation of, with benzoin, 1992. 

Quinols, preparation of alkyl ethers of, 2303. 

a-Quinol, structure of, 69. 

= derivatives, synthesis of, by Pfitzinger reactions, 
1 


Quinoline, 4-amino-, nitration of, 2023. 
4-chloro-3-nitro- and 3-nitro-4-amino-, 1288, 1289. 
6-fluoro-8-amino- and -8-nitro-, 289, 290. 
2-hydroxy-, l-oxide, preparation of, 1866. 
4-hydroxy-, derivatives, from arylamines and ethyl ethoxy- 
methylenemalonate, 893. 

3-nitro-, Bz-substituted, 202¢. 

6-nitro-2- and -4-amino-, 8-nitro-4-amino-, and their deriv- 
atives, 1708, 1709. ‘ 

6-nitro-4-amino-, 3(?):6-dinitro-4-amino-, 
hydroxy-, and 6-nitro-4-nitroamino-, 2024 

isoQuinoline, derivatives, 777. 

Quinolines, 4-chloro-, and 6-nitro-, 1707. 
4-hydroxy-, synthesis of, 106. 
4-substituted, 93. 

N-Quinoline-p-aminobenzoic acids, 241. 

Quinoline-3:4-dicarboxylic acid, 2-hydroxy-, 554. 

4-Quinolinol, 6-amino-, 1289. 

B-6-Quinolylacraldehyde, 2010. 

ot lla eerie 


B-Quinolyl(4)alanine, and its derivatives, 88. 
§’-Quinolylanthranilic acid, 4-chloro-, 126. 
7’-Quinolylanthranilic acid, 7-chloro-, and its ethyl ester, 126. 
N-(8’-Quinolyl)anthranilic acid, and N-6’-fluoro-, 290. 
1-a-Quinolylbenztriazole, 923. 


3(?):6-dinitro-4- 
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5-(2’-Quinolylmethylene)hydantoin, 1389. 
§-(2’-Quinolylmethyl)hydantoin, 1389. 

B-2-Quinolylpropionic acid, a-amino-, 1389. 

¢ wee acid, a-oximino-, and its ethyl ester, 


N1-6-Quinolyl-N*-isopropyldiguanide, and N1-8-chloro-, hydro- 
chloride, 1635. 
Quinones, af-unsaturated, halogen addition to, 980. 
Quinoxaline, derivatives, 777. 
Quinoxaline, 5- and 6-amino-, preparation of, 2132. 
2:3:6-trichloro-, 3-chloro-2-amino-, and 2:6-dichloro-3- 
amino-, 781. 
2-hydroxy-, oxidation of, and of its derivatives with hydro- 
gen peroxide, 519. 
2:3-dihydroxy-, preparation of, 521. 
Quinoxaline-3-carboxyamide, 2-amino-, conversion of, into 
alloxazine, 517. 
Quinoxaline-3-carboxylic acid, 2-amino-, 2-acetyl derivative, 
amide and methyl ester, 518. ; 


Radioactive elements, fluorides of, 1991. 
Reactions between non-bonded atoms, 340. 
elimination, mechanism of, 2038, 2043, 2049, 2055, 2058, 
2065, 2072, 2077, 2084, 2090, 2093. 
Reactivity, cationoid, of aromatic compounds, 1175. 
Reduction of a 1275. 
Refractivity of acetals, 616. 
of acetylenic compounds, 674. 
of aliphatic acids and alcohols, 1814. 
of aliphatic carboxylic esters, 624. 
of aliphatic disulphides, sulphides, and thiols, 1820. 
of n-alkylbenzenes, 607. 
of amines, 1825. 
of compounds with 3- and 4-membered carbon rings, 1804. 
of compounds with 5- and 6-membered carbon rings, 1809. 
of cyanides, 674. 
of esters of oxy-acids and of nitro-paraffins, 1833. 
of ethers, 616. 
of ethylenic compounds, 658. 
of halogens, 644 
of ketones, 610. 
of a-naphthyl and phenyl groups, 654. 
Repandine, 2170. 
Report of the Council, 541. 
Resin acids, diterpenoid, stereochemistry of, 1197. 
Resorcinol, condensation of, with benzoin, 1992. 
Respropiophenone, w-chloro-, and w-hydroxy, 1611. 
Bhodanine, preparation of, 1253. 
9-8-p-Ribofuranosidoadenine, 2:8-dichloro-, 968. 
9-8-D-Ribofuranosidoguanine, 1687. 
9-p-Ribopyranosidoxanthine, synthesis of, 523. 
Ribose, chemistry of, and its derivatives, 2035. 
1-p-Ribosidoglyoxaline-4:5-dicarboxyamide, 524. 
9-p-Ribosidoxanthine, 524. 
Rice starch. See under Starch. 
Rotation, molecular, and structure of steroids, 783, 1354, 1357. 
Rotenone, analogues of, 1672. 
synthesis of, and its derivatives, 1610. 
Rottlerin, 113. 
Rottlerone change, 115. 
Rubiadin dimethyl ether, 567. 
Rubiadin-1 methyl ether, and its derivatives, 567. 


Salicylic acid, 5-hydroxy-, preparation of, 2221. 

Schiff’s bases from nitromalondialdehyde, 2026. 

Schmidt rearrangement, 1713. ‘ 

Scopoletin f-gentiobioside, and its hepta-acetyl derivative, 
1672 


Scopoletin-8-carboxylic acid, 1672. 

Selenium, photochemistry of, 766. 

Semicarbazones, reaction of, with nitrous acid, ketones formed 
by, 2319. 

Senecio alkaloids, 1891. 
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Senecio kirkii, alkaloid from, 1891. 
Senkirkine, and its salts, 1892. 
Silica. See Silicon dioxide. 
Silica gel, preparation of, 2251. 
Silicon dioxide, vitreous, deposition of carbon on, 1362. 
Silver bromofetrafiuoride, 2137. 
Soaps, zinc, solubility of, in organic solvents, 1750. 
Sodium hydrogen sulphide, solution, rapid preparation of, 
242. 
Sodium organic compounds :— 
Sodium aryldiazoates, decomposition reactions of, 556. 
benzenediazoate, reactions of, 349. 
decyl sulphate, soluble films of, expansion of, at air—water 
and toluene—water interfaces, 943. 
| Solubility of gases, measurement of, 2033. 
Solutions, thermochemistry of, 1016, 1019. 
Solvents, aqueous and non-aqueous, nature of hydrogen ions 
in, 1976. . 
effect of, on rates and product-proportions of elimination 
reactions, 2043. 
non-aqueous, acid—base catalysis in, 370. 
oxygen-containing, proton affinities of, 1971. 
Sophora alkaloids, 1889. 
Sorbates, 133. 
Sorbitol, ethylidene derivatives of, 1933. 
Spectra, oo infra-red, of anthraquinone derivatives, 
1 


of fluorinated hydrocarbons, 1428, 1432. 
of mixtures of alcohols and aldehydes, 1454. 
of terpenoids, 1412. 
vibrational frequency of carbonyl group in, 1436. 
of terpenoid compounds, 1306. 
ultra-violet, of 2-amino- and 2-imino-3-methyl-2:3- 
dihydrobenzthiazoles, 1497. 
vibrational, correlation of, with molecular structure, 328. 
y-Spinastenol, and its esters, 1356. 
Spinels, properties of, at high temperatures, 1729. 
Starch, acorn, structure of, 1779. 
amylolysis of, 924. 
fractionating agents for, 1687. 
maize, 31. 
potato, 30. 
rice, 31. 
structure of, 27. 
sweet potato, 31. 
Steroids, structure of, from molecular rotation, 783, 1354, 
1357. 
Walden inversion and, 1032, 1043. 
Steroid series, syntheses in, 162. 
neoSterol, constitution of, 1357. 
Sterol group, 1783, 1788, 1792, 1798. 
Stigmasta-5:22-dien-3-(8)-yl benzoate, 22:23-dibromide, 793. 
Stilbene, analogues, heterocyclic, 2147. 
photochemical reactions of, with 1:2:3-triketones, 2128. 
Stilbene, a:4’-dicyano-, and a:4:4’-tricyano-, 1025. 
2:4:6:2’:4’-pentanitro-, 1614. 
2:6-dinitro-4-amino-, and its acetyl derivative, 1277. 
Stilbenes, polynitro-, nitration of, 1612. 
Stilbenecarboxylic acids, 1024. 
Stilbene-4-carboxylic acid, and its anilide, 226. 
Stilbene-4-carboxylic acid, a-cyano-, 1025. 
Stilbenedicarboxylic acids, and their derivatives, 1025. 
Stilbene-4:4’-dicarboxylic acid, a-cyano-, 1025. 
Stilbene-a:4:4’-tricarboxylic acid, 1025. 
Strecker degradation, 176. 
Strychnine, 703, 951. 
reduction of, and of its derivatives, 1661. 
neoStrychnine, experiments with, 951. 
neoStrychnine, x-hydroxy-, 955. 
¥-Strychnine, experiments with, 951. 
preparation of, 703. 
sec.-y-Strychnine, derivatives of, 954. 
- wee of, propagation of reaction chains in, 


short-chain, in presence of hydrogen chloride and stannic 
chloride, 1867. 
reaction of, with naphthalene, 1397. 
Styrene, 2-8-dinitro-5-hydroxy-, 5-acetyl derivative, 1609. 
2:B-dinitro-6-hydroxy-, 6-acetyl derivative, 1608. 
B:2-dinitro-4:5-dihydroxy-, 4:5-diacetyl derivative, 2224. 
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2-Styrylbenzoxazole, and its picrate, 2153. 
4-Styrylbenzyl alcohol, 225. 
2-Styryl-6:7-benzquinoline, 4-amino-, 4-acetyl derivative, 1293. 
2-Styryl-7:8-benzquinoline, 6-nitro-, 1295. 
4-Styrylbenzylamine, 224. 
and its benzoyl derivative, 226. 
4-Styrylbenzylcarbamic acid, ethyl ester, 226. 
4-Styrylbenzyldimethylamine, 224. 
and its picrate, 227. 
4-Styrylbenzylmethyl ether, 225. 
4-Styryl-4-deoxyleucopterin, 1133. 
2-Styrylfuran, 2-4-amino-, and its acetyl derivative and 2-4- 
nitro-, 2154. 
4-Styryl-6-methylpyrimidine, 2-chloro-, 2151. 
6-Styryl-1-methyl-1:2:3:4-tetrahydroquinoline, 2153. 
4-Styrylphenylacetamide, 226. 
4-Styrylphenylacetic acid, and its anilide, 226. 
4-Styrylphenylacet-thiomorpholide, 225. 
4-Styrylphenylmethylcarbamic acid, methyl ester, 226. 
6-Styrylpteridine, 2:8:9-trihydroxy-, 1132. 
4-Styrylpurine, 2-amino-8-hydroxy- and 2-chloro-8-hydroxy-, 
1132, 1133. 
4-Styrylpyrimidine, derivatives, 1128. 
4-Styrylpyrimidine, 2:5:6-triamino-, 2-chloro-5:6-diamino-, 
2-chloro-5-nitro-6-amino-, 2:6-dichloro-5-nitro-, and 
5-nitro-2:6-diamino-, 1132, 1133. 
2:5-6-triamino-4-p-amino-, 2:6-dichloro-5-nitro-4-p-nitro- 
and 5-nitro-2:6-diamino-4-p-nitro-, 1134. 
2-Styrylquinoline, 6-amino- and 6-nitro-2-4-nitro-, 2152. 
6-Styrylquinoline, 2152. 
6- and 8-Styrylquinolines, 6- and 8-4-amino-, and -4-nitro-, 
2151, 2152. 
4-Styryluracil, 5-nitro-, and its derivatives, 1131. 
§-nitro-4-p-nitro-, 1134. 
Substitution at a saturated carbon atom, 1283. 
in aromatic compounds, transition state in, 727. 
Succinic acid, heat of ionisation of, 1019. 
Sucrose, conversion of, into furan compounds, 155. 
into pyridazine derivatives, 2191, 2195, 2199. 
dextran synthesised from, by Betacoccus arabinosaceus, 1555. 
levan produced from, by Pseudomonas mors-prunorum, 
1560. 
Sugars, aldose, oxidation of, by iodine solutions, 810. 
mixed, analysis of, by partition chromatography, 1679. 
p-Sulphamylbenzaldehyde, 603. 
N'-Sulphanilamides from aminoquinoxalines, 2129. 
5-Sulphanilamido-2:6-dimethyl-3-pyridazone, and its hydro- 
chloride, 2197. 
2-Sulphanilamidoethylthiol hydrochloride, 1925. 
Sulphides, aliphatic, physical properties and constitution of, 
1820. 


containing the 2-chloroethyl group, 2177. 

diSulphides, aliphatic, physical properties and constitution of, 
1820. 

poly8ulphides, structure of, 322, 1256. 

2-Sulphobenzoic acid, 4-nitro-, dimethyl ester, 1616. 

2-p-Sulphonamidophenylguanidino-6-methylpyrimidine, 
4-hydroxy-, 579. 

Sulphonation, aromatic, kinetics of, 1065. 

2-p-Sulphondimethylaminophenylguanidino-6-methylpyrimi- 
dine, 4-hydroxy-, 579. 

Sulphonyl sulphides, structure of, 322, 1256. 

Sulphur dioxide, equilibrium of, with ammonia and water, 76. 
Sulphuric acid, sulphonation by, in nitrobenzene solution, 

1065 


Persulphates, oxidation of phenols by, 2303. 

Sulphur vesicants, organic, 35, 38, 42, 44, 47. 

Sulphuric acid. See under Sulphur. 

Sulphuryl chlorofluoride and fluoride, preparation and re- 
actions of, 2183. 

Surfaces, freshly-formed, properties of, 930, 936, 943. 

Surface tension, measurement of, vertical-plate method for, 


931. 
Sweet potato starch. See under Starch. 
Sydnones, 2307. 
C- and N-substituted, dipole moments of, 2269. 
Synthesis, asymmetric, 1085. 
Systems, anionotropic, rearrangement and substitution in, 1, 4, 
8 


olefinic, a-methylenic reactivity in, 89. 
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T. 


Tartaric acid, formation of, by oxidation and hydrolysis of 
oxycelluloses, 1135. 

Tea, green, catechins of, 2249. 

Temperature, effect of, on rates and product-proportions in 
elimination reactions, 2049. 

Terpenoids, spectra of, infra-red absorption, 1412. 

Terpenoid compounds, spectra of, absorption, 1306. 

2:3:5:6-Tetra-acetyl 1:4-anhydrosorbitol, 301. 

4-Tetra-acetyl-p-galactofuranosidamino-5-(2’:5’-dichloro- 
benzeneazo)-2-methylthiopyrimidine, 6-amino-, 962. 

4-Tetra-acetyl-p-galactopyranosidamino-5-(2’:5’-dichloro- 
benzeneazo)-2-methylthiopyrimidine, 6-amino-, 962. 

4-Tetra-acetyl-p-glucopyranosidamino-5-(2’:5’-dichloro- 
benzeneazo)-2-methylthiopyrimidine, 6-amino-, 963. 

2-O0-Tetra-acetyl-8-glucosidoxy-5-methoxybenzoic acid, methy] 
ester, 2222. 

1-Tetra-acetyl-D-mannosidoglyoxaline-4:5-dicarboxyamide, 524. 

3-n-Tetradecyl-2-n-pentadecylcinchoninic acid, 110. 

1:2:4:5-Tetradeuterobenzene, spectrum of, absorption, ultra- 
violet, 475. 

3:3’:4:4’-Tetraethoxy-a-azopropylbenzene, 890. 

3’:4’:6:7-Tetraethoxy-1-benzyl-3-methylisoquinoline, 889. 

3’:4’:6:7-Tetraethoxy-1-phenyl-3-methylisoquinoline, and its 
hydrochloride, 889. 

NNN’N’-Tetraethylethylenediamine, NN N’N’-tetra-2-chloro-, 
2175. 

Tetrahydroanhydro-)-strychninephosphorous acid, 956. 

1:2: —— ‘7-acechrysene, and its picrate, 


6:7:8:9-Tetrahydro-2:3-benzacridine, 5-amino-, 
5-hydroxy-, 1290. 
5:6:7:8-Tetrahydro-1:2-benzphenanthridine, and 9-amino-, 1540. 
Tetrahydrodichanostrychnidine, and its acetyl derivative, 1665. 
Tetrahydrodichanostrychnidine, hydroxy-, 1664. 
Tetrahydrofuran, amino-, derivatives, 155. 
Tetrahydrofurans related to amidone, 1993. 
Tetrahydrophenanthridines, synthesis of, 1537. 
5:6:7:8-Tetrahydrophenanthridine, and 9-amino-, and 3-nitro-, 
and their derivatives, 1539. 
Tetrahydropurpurogallin, 1049. 
Tetrahydroquinoline-4-carboxylic acid, 2-hydroxy-, 554. 
Tetrahydrorottlerin, synthesis of, 113. 
Tetrahydroallorottlerin, synthesis of, 113. 
Ue and its derivatives, 


5-chloro-, and 


2:3:5:6-Tetrakismethanesulphony] 1:4-anhydrosorbitol, 301. 
2:3:4:6-Tetrakismethanesulphony]l styracitol, 2207. 
Tetralin, autoxidation of, 1574, 1578, 1585. 
hydroperoxide, decomposition of, 1578. 
4:2’:3’:4’-Tetramethoxybenzcycloheptene, 1049. 
4:2’:3’:4’-Tetramethoxybenzcyclohepten-3-ol, and its 3:5-dinitro- 
benzoate, 1050. 
4:2’:3’:4’-Tetramethoxybenzcyclohepten-3-one, 
dinitrophenylhydrazone, 1049. 
5:6:5’:6’-Tetramethoxyindigo, 1246. 
5:6:5’:6’-Tetra(methoxymethoxy)indigo, 1246. 
4:7:2’:4’-Tetramethoxy-3-phenylcoumarin, 175. 
2:2:3:3-Tetramethylbutanal 2: 4-dinitrophenylhydrazone, 286. 
semicarbazone, 1333. 
aaBp-Tetramethyl-n-butyric acid, 1336. 
2:2:5:5-Tetramethyl-3:6-di-tert.-butyl-1:4-dioxan, and its dinitro- 
phenylhydrazone, 1333. 
5:6:9:10-Tetramethyldihydro-1:2-benzanthracene, dihydroxy-, 
and its diacetate, 172. 
2:2:6: 6-Tetramethyl-4-ethynylpiperidine, 4-hydroxy-, 807. 
Tetramethyl hexahydropurpurogallin. See 4:2’:3’:4’-Tetra- 
methoxy benzcyclohepten-3-ol. 
Tetramethyl purpurogallin, 120, 1049. 
Tetramethyl tetrahydropurpurogallin. See 4:2’:3’:4’-Tetra- 
methoxybenzcyclohepten-3-one. 
6:12:18:24-Tetraoxa-3:9:15:21:27-pentathianonacosane, 1:29- 
dichloro-, and its derivatives, 44. 
Tetraphenylglycol, complexes of, with pyridinium salts, 385. 
= ‘w’-Tetraphenyl-p-xylylene glycol, complexes of, with 
yridinium salts, 385 
2:8 UTetraquinolyl, 2011. 
Thallium, reaction of, with nitrosyl chloride, 1957. 
Thallous salts, reaction of, with nitrosyl chloride, 1957, 


and its 2:4- 
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Thallium determination :— 

determination of, 1957. 
Thermochemistry of solutions, 1016, 1019. 
Thiadiazole ring, 870. 
Thiazole, 2:5-diamino-, derivatives of, 1265. 

2-benzoyl derivative, and its salts, 1264, 1265. 

5-amino-2- -mercapto-, and its acetyl derivative, 205. 

2-mercapto-, Schiff’s base from, 204. 
Thiazole-4-carboxylic acid, 2:5-diamino-, 2-benzoy] derivative, 

and its ethyl ester, 1343. 
ethyl ester, derivatives of, 1343. 

Thiazolidine—butyroazlactone rings, synthesis of, 1919. 
Thiazolones, preparation of, 1056. 
Thiazol-5-one, 2-mercapto-, and its acetyl derivative, 204. 
2-(2’-Thienyl)-A?-pyrroline, and its picrate, 187. 
2- and 3-Thienylthioacetic acids, and their derivatives, 769. 
Thioanisole, 4-nitro-2-amino-, preparation of, 873. 
Thioanisyl-2-azo-f-naphthol, 4-nitro-, 873. 
Thioaryloxides, nitro-, reaction of, with polynitro-aromatic 

compounds, 2017. 
N-Thiocarbobenzyloxyglycine, and its derivatives, 1059. 
—— and its derivatives, 


2-Thio-3-chloromethylbenzthiazolone, 1717. 
isoThiocyanates, reaction of, with a-amino-nitriles, 1262. 
Thiocyanatophosphonic acid, diethyl ester, 701. 
Thiocyanic acid, alkyl esters, preparation and physical proper. 
ties of, 1848. 
3- chloroallyl ester, 2182. 
Thiodiglycol, preparation of, 1892. 
p-dimethylaminostyryl)uracil, 1715. 
Thio-esters, hydrolysis of, 1549. 
Thioethylene glycol, preparation of, 1892. 
5-Thioformamido-4-p-glucosidamino-2-methylthiopyrimidine, 
6-amino-, and its 4-tetra-acetyl derivative, 966. 
2-Thio-3-hydroxymethylbenzthiazolone, 1717 
Thiols, aliphatic, p! a properties and constitution of, 1820. 
Thiol-compounds, addition of, to double bonds, 1683. 
Thionaphthen, derivatives of, 1615. 
detoxication of, as catalyst poison, 1916. 
1:3-oxazine derivatives of, 78. 
Thionaphthens, formation of, from phenylthioacetic acid deriv- 
atives, 81. 
8-Thionaphthen-2-carboxylic acid, 3-hydroxy-, 3-acetyl deriv- 
ative, ethyl ester, 84. 
Thionaphthen sulphone, acetoxymercuri-derivative, 1617. 
Thionaphthen sulphone, nitro-, dibromide, 1616. 
Thiophen, detoxication of, 1091. 
Thiophen-2-sulphonamide, 4-amino-, and 4- and 5-nitro-, 527. 
Thiophen-2-sulphonic acid, m-methoxyphenyl ester, 526. 
Thiophen-2-sulphony] chloride, nitration of, 525. 
Thiophen-2-sulphonyl chloride, 4-nitro-, 527. 
— acetate, 4-nitro-2-amino-, 2-acetyl derivative, 


Thiophthens, isomeric, detoxication of, as catalyst poisons, 
1916. 


PD ... 1717. 

2-Thiothiazolidone-4-carboxylic acid, 1339. 

Thioureas, formation of, by reduction with Raney nickel, 1716. 

Thorium oxide, catalytic, _— of, 612. 

pDL-Threonine, synthesis o: 

Thymol as fractionating agent for starch, 1687. 

— nucleic acid, sedimentation of, in the ultracentrifuge, 
1382. 


Titanium nitride, deposition and growth of, on hot filaments, 
1709. 

Toluene, methylation of, by dimethyl ether, 2154. 

Toluene, 2:4:6-triamino-, triacetyl derivative, 114. 
fluoro-derivatives, spectra of, infra-red absorption, 1434. 
2:5-dihydroxy-, 2-benzyl derivative, 2307. 
2:4:6-trinitro-, derivatives of, 1612. 

reduction of, 1275. 
6-nitro-2-hydroxy-, 2-benzyl derivative, 1609. 

5-p-Tolueneazoquinoline, 6-amino-, 223. 

p-Toluenesulphinic acid, w-amino-, 
preparation of, 148. 

p-Toluenesulphonamide, N-substituted derivatives, prepat- 
ation of, 110. 
a ee ereemeernns acid, 4-nitro-, methyl estet, 


w-acetyl derivative, 
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1-Toluene-p-sulphonamidopleiadene-7:12-dione, 1757. 

————_”--..rreree 3-nitro-, 
its 

Toluene-p-sulphon-2-fluoroethylamide, 2176. 

Toluene-p-sulphonic acid, 2-fluoroethy] ester, 2176. 

+} Ces acid, 4-nitro-, methyl 
ester, 

Ves e hydriodide, 
1929. 


2-Toluene-p-sulphontoluidide, 3:5-dinitro-, 2134. 
N’-p-Toluenesulphonyl-N-phenylbenzamidine, 112. 
N’-p-Toluenesulphonyl-N-tolylbenzamidines, 112. 
p-Toluic acid, 3-bromo-, 1233. 
m-Toluidine, 4-chloro-5-nitro-, 1009. 
p-Toluidine hydrochloride, condensation product of, with 
2-p-toluidinopent-2-en-4-one, 2027. 
p-Toluidine, 6-nitro-2:4-diamino-, mono-, and di-acety] deriv- 
atives, 1276. 
Toluidines, 3-nitro-, benzenesulphonyl derivatives of, 1312. 
6-p-Toluidinomesobenzanthrone, 1749. 
4-p-Toluidino-2-ert.-butylanthraquinone, l-amino-, 1628. 
o- and p-Toluidinomethylenemalonic acids, diethyl esters, 893. 
2-p-Toluidinopent-2-en-4-one, condensation product of, with 
p-toluidine hydrochloride, 2027. 
Nieedhptilamendihanentien, 111, 
B-p-Tolylalanine, B-w-amino-, salts, 87. 
N-p-Tolylbenzimino-o-nitrophenyl ether, N-o-bromo-, 1604. 
N-o-Tolylbenzimino-8-quinolyl ether, 1605. 
N-p-Tolylbenzimino-8-quinolyl ether, N-o-bromo-, 1605. 
p-Tolyl a-bromobenzyl ketone, 866. 
p-Tolylcarbamic acid, 3-nitro-, ethyl ester, 878. 
p-Tolyl-2-carboxyethyl sulphone, 1595. 
Idicyandia 1634 


o-Toly’ mide, 

N'-p-Tolyl-N' ‘-ethyldiguanide hydrochloride, 1635. 

2-p-Tolyl-1-ethylindole, 854. 

$-p-Tolyl-1-ethylindole, 855. 

N-o-Tolylglycine, N -3-nitro-, 2133. 

m-Tolylglycine, 4-nitro-, 1312. 

2-p-Tolylindole, and 1-nitroso-, 854. 

2-p-Tolyl-1-methylindole, 854. 

2-p-Tolyl-5-methylindole, and 1-nitroso-, 854. 

8-p-Tolyl-1-methylindole, 855. 

1-p-Tolyl-7-methylnaphthalene-2:3-dicarboxylic acid, synthesis 
of, and its anhydride, 1270, 1272. 

1-m~Tolyinaphthalene-2-carboxylic acid, 1233. 

1-m-Tolylnaphthalene-4’-carboxylic acid, 1233. 

1-p-Tolylnaphthalene-2-carboxylic acid, 1234. 

1-p-Tolylnaphthalene-3’-carboxylic acid, 1234. 

p-Tolylnaphthylarsonous acids, 2209. 

p-Tolylnaphthyleyanoarsines, 2212. 

1 ~ ames 4-amino-, and its acetyl deriv- 
ative, 

— 2-(2:4:6-trinitrophenyl)ethyl] sulphide and sulphoxide, 


p-Tolyl 2-(2:4:6-trinitrophenyl)ethyl sulphone, 1615. 
4-p-Tolyloxy-2-methyl-5:6-benzquinoline, 1287. 
1 lylphenacylaniline, 867. 

ydrobromide, 868. 
1-p-Tolylphenacyl-N-ethylaniline, 867. 
1 ‘olylphenacyl-N-methylaniline, 867. 

— Sisopropyldiguanides, and their hydrochlorides, 
2-p-Tolylpyrrolidine, and its picrate, 187. 
2-p-Tolyl-A*-pyrroline, and its picrate, 187. 
Tolyl-m-4-xylylarsonous acids, 2209. 
Tolyl-m-4-xylylcyanoarsines, 2211. 
6-Tosyl 1:4-anhydrosorbitol, 302. 
6-Tosyl 3:5-benzylidene 1:4-anhydrosorbitol, 301. 
1-p-Tosyl-4-phenylpiperidine-4-carboxylic acid, 560. 
4-Triacetyl-L-arabofuranosidamino-5-(2’:5’-dichlorobenzene- 

azo)-2-methylthiopyrimidine, 6-amino-, 963. 

tyl-L-arabopyranosidamino-5-(2’:5’-dichlorobenzene- 

azo)-2-methylthiopyrimidine, 6-amino-, 964. 

1-Triacetyl-D-ribosidoglyoxaline-4:5-dicarboxyamide, 524. 
*Zriacetyi-p-xylosidaminopyrimidines, hydrogen bonding in, 


evaiylamias, tri-3-chloro-, 2181. 
1:8:5-Triazine, 2: 4-dichloro-6- amino-, 563. 
1:3:5-Triazines, substituted, 561. 
8:4-Triazolo-6:7-benzquinoline, 1289. 


and 
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n-Tridecane-2-carboxylic acid, See a-Methyltridecylic acid. 
1:3:5-Trideuterobenzene, spectrum of, absorption, ultra-violet, 
445. 
fluorescence, ultra-violet, 456. 
Triethyl trithiophosphate, 1014. 
Triethylamine, tri-2-bromo-, and its hydrobromide, 2176. 
tri-2-chloro-, compounds related to, 2174. 
tri-2-fluoro-, 2176. 
4-Triethylaminoacetamido-2-methyl-1-naphthol chloride, 185. 
Triethyl-lead fluoroacetate, 1779. 
Tri(ethylthioethyl)amine, tri-2-chloro-, hydrochloride, 2175. 
Triglycerides, polymorphism of, 985. 
Triketoindane, photochemical reaction of, with stilbene, 2128. 
Triketones, symmetrical, action of hydrogen peroxide on, 50 
1:2:3-Triketones, photochemical reactions of, with ethylenes, 
2126. 
4:2’:3’-Trimethoxybenzcycloheptene, 4’-hydroxy-, 1049. 
1’:2’:3-Trimethoxybenzcyclohepten-3-one, and its 2:4-dinitro- 
phenylhydrazone, 1051. 
2’:3’:4’-Trimethoxybenzcyclohepten-3-one, and its 2:4-dinitro- 
phenylhydrazone, 1050. 
4:2’:3’-Trimethoxybenzcyclohepten-3-one, 4’-hydroxy-, and its 
derivatives, 120, 1049. 
y~(2:3: :4-Trimethoxybenzoy!) butyric acid, 1051. 
y-(8:4:5-Trimethoxybenzoyl)butyric acid, and its esters, 1050. 
N-3:4:5-Trimethoxybenzoyl-p-toluenesulphonamide, 111. 
y-(2:3:4-Trimethoxy-6-carboxyphenyl!)butyric acid, 1051. 
y-(8:4:5-Trimethoxy-2-carboxypheny]l)butyric acid, and ite 
dimethyl] ester, 1050. 
— ethoxy-5:4’-divinyldiphenyl ether-6:5’-dialdehyde, 


7:2’:4’-Trimethoxy-3-phenylcoumarin, 4-hydroxy-, and ite 
O-acetyl derivative, 175. 

7:3’:4’-Trimethory-3-phenylcoumarin, 4.hydroxy-, and ite 
derivatives, 175. 

$-(2:3:4-Trimethoxyphenyl)valeric acid, 1051. 

8-(3:4:5-Trimethoxyphenyl)valeric acid, 1050. 

Trimethoxyphthalide, 120. 

NNN’-Trimethylacetamidine, and its benzenesulphonate, 1619. 

4-Trimethylaminoacetamido-2-methyl-1-naphthol chloride, — 

5:9:10-Trimethyldihydro-1:2-benzanthracene, dihydroxy-, and 
its diacetate, 172. 

4:4’:6-Trimethyl-2:2’-dipyrimidylamine, 6’-chloro-, 
hydroxy-, 596. 

1:5:5-Trimethyl-2:4-dithiohydantoin, 1622. 

2:3:4-Trimethylfluoranthene, and its derivatives, 1139. 

Trimethyl hexahydrodeoxypurpurogallin. See 4:2’:3’-Tri- 
methoxybenzcycloheptene, oe 

Trimethylhexahydropurp 

(2-(1: seh Eetmethyleedslonlns| HS (9-othytbenssdtonsesie})> 
[yA’-dimethin-2’-(1’:3’:3’-trimethylindolenine) |trimethin- 
cyanine diperchlorate, 1883. 

[2-(1:3:3-Trimethylindolenine) ][2-(3-ethylbenzselenazole) |tri- 
methincyanine perchlorate, 1887. 

sg tn er mer a mal 
anilomethyltrimethincyanine perchlorate, 1 

[2-(1:3: 5 riscothytindoheaies) ie (0-othrtbcunthionste) fit> 
methincyanine iodide, 1887. 

(2-(1:8: ene og: feat taal 
indene) |dimethincyanine, 189 

2:3:6-Trimethyl D-mannonic 4 phenylhydrazide, 1279. 

2:4:4-Trimethylpentanal 2:4-dinitro a ydrazone, 1329. 

2:4:4-Trimethylpentane-1:2-diol, 13 

2:4:4-Trimethylpentane-2:3-diol, and its nitrobenzoate, 286. 

2:4:4-Trimethylpentane-1:2- and -2:3-diol diacetates, 1333. 

2:4:4-Trimethylpentan-3-ol, and its derivatives, 287. 

2:4:4-Trimethylpent-l-ene. See a-Diisobutylene. 

2:4:4-Trimethylpent-2-ene. See B-Diisobutylene. 

2:4:4-Trimethylpent-1-en-3-ol, and its derivatives, 287. 

2:4:4-Trimethylpent-2-en-1-ol, and its nitrobenzoates, 1333. 

Trimethyl purpurogallin, 1049. 

Trimethyl D-ribofuranose, characterisation of, 2035. 

2:3:5-Trimethyl D-ribonolactone, 2037. 

2:3:5-Trimethy] D-ribonophenylhydrazide, 2037. 

2:3:5-Trimethyl D-ribose anilide, 2036. 

Trimethyl tetrahydropurpurogallin. See 4:2’:3’-Trimethoxy- 
benzcyclohepten-3-one, 4’-hydroxy-. 

3:3’:8-Trimethylthiacarbocyanine iodide, 689. 

3:4:4-Trimethylthiazolidine-2-thione, 5-imino-, and its deriv- 
atives, 1621. 


and 6’- 
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3:4:4-Trimethylthiazolid-5-one-2-thione, 1621. 
ayy-Trimethyl-n-valeric acid, ethyl ester, 1336. 
6:12:18-Trioxa-3:9:15:21-tetrathiatricosane, 1:23-dichloro-, and 
1:23-dihydroxy-, and their derivatives, 43. 
5° or and its derivatives, substitution reactions 
of, q 
Triphenylethylene series, cestrogens of, 150. 
Triphenylmethane, oxidation of, by chromic acid, 1670. 
Triphenylmethyl radical, cationoid reactivity of, compared 
with — \anamttied of desyl and a-benzoylbenzhydryl 
radicals, 1 
o-trighenyimathyithioncetic acid, ethyl ester, 1551. 
2:6’-Triquinolyl, 2010. 
Trisaminomethylaminomethane, and its salts, 1905. 
Tris(carbethoxyaminomethyl)carbethoxyaminomethane, 1906. 
Trischloromethylaminomethane, and its N-m-nitrobenzylidene 
derivative, 1904 
Trischloromethylnitromethane, 1904. 
Trischloromethyltoluene-p-sulphonamidomethane, 1905. 
Tris-4-cyanobutylmethane, nitro-, 230 
Trishydroxymethylnitromethane, derivatives, 1902. 
Tris-4:4’:4’’-methylnitroaminotriphenylcarbinol, 3:5:3’:5’:3’’:5’’- 
hexanitro-, 2170. 
Tris(toluene-p-sulphonamidomethy])toluene-p-sulphonamido- 
methane, 1905. 
Tris(toluene-p-sulphonmethylamidomethy])toluene-p-sulphon- - 
amidomethane, 1905. 
Trithians, stereochemistry of, 892. 
Trypanocides, NV. heterocyclic, 188. 
Tryptophan, aldehyde reactions for, 705. 
nuclear-C-methylated derivatives, synthesis of, 705. 
d-Tubocurarine chloride, 1947. 
constitution of, 265. 


Uv. 


reaction, preparation of s- eng by, 264. 
bw cy 1:6:11-triamino-, tripicrate, 231. 
n-Undecane-2-carboxylic acid. See a-Methylundecylic acid. 
n-Undecane-6-carboxylic acid. a-n-Amyloenanthic acid. 
n-Undecane-1:11-dicarboxylic acid. See Brassylic acid. 
Undecoic acid, a-amino-, 1388. 
Undecylenic acid, esters, 662. 
Unsaturated compounds, conjugated, addition to, 17. 
kinetics of halogen addition to, 980. 
reactions of, 284, 1328, 1331, 1334. 
2-Ureido-4:5-dimethoxybenzoic acid, 1764. 
2-Ureido-4-methoxybenzamide, 1764. 
2-Ureido-6-methoxybenzamide, 1763. 
3-Ureido-p-tolunitrile, 1763. 
Urethanes, preparation of, and conversion into N-nitroso- 
derivatives, 2320. 
Uridine, preparation of, from yeast ribonucleic acid, 1936. 






V. 


Valency, modern theory of, 1461. 
ssoValeric acid, B-mercapto-, 1685. 


Zeolites, gas-absorption by, 
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Vanillin, 2-nitro-, derivatives of, 376. 
isoVanillin, 2-nitro-, derivatives of, 376. 
— pressure of associated liquids, relation of, to viscosity, 


Veratraldehyde, derivative from, with cyclohexa-1:3-dione, 1372, 
Veratraldehyde, 2-nitro-, derivatives of, 376. 
N-Veratroyl-p-toluenesulphonamide, 111. 
Vesicants, 2177, 2180. 
sulphur organic, 35, 38, 42, 44, 47. 
Vinyl compounds, polymers, cross-linking of, by Friedel- 
catalysts, 771. 
halides, thermodynamic functions of, 1931. 
cis- and trans-Vinylarsine oxide, 2-chloro-, 1205. 
cis- and trans-Vinylarsonic acids, 2-chloro-, 1204. 
Vinyldichloroarsines, 2-chloro-, isomeric, 1203, 1206. 
ee 2-chloro-, physicochemical properties 
of, , 
Viscosity, molecular association and, 1345, 1349. 
Visnagin, partial synthesis of, 2260. 
isoVisnagin, synthesis of, 2260. 
isoVisnagone, and its 2: 4-dinitrophenylhydrazone, 2263. 
Vitamin-A, chemistry of, 386. 


W. 


Walden inversion and steroids, 1032, 1043. 

Water, solvating properties of, 1976. 
vapour, adsorption of, on proteins, 1083. 

Wolff rearrangement, 1674, 

Wood, “ insoluble red,”’ chemistry of, 174. 


Xanthic acid, alkyl esters, and their potassium salts, 1848. 
Xylenes, methylation of, by dimethyl ether, 2154. 
m-- and -5-Xylenols, halogenation of, 209. 
m-2-Xylenol, 4:5:6-tribromo-, bromide and chloride, 370. 
chlorobromo-derivatives, 211. 
5-hydroxy-, 5-benzyl derivative, 2306. 
m-§-Xylenol, 2:4:6-trichloro-, bromide, 370. 
chlorobromo-derivatives, 210. 
m-Xyloquinone, 4-chloro-6-bromo-, 211. 
N-m-4-Xylylbenzimino-8-quinolyl ether, V-5-bromo-, 1605. 
1-m-5’-Xylylnaphthalene-2-carboxylic acid, 1232. 
1-m-5’-Xylylnaphthalene-4’-carborylic acid, 1233. 


| a 


Yeast ribonucleic acid, constitution of, 1527, 1532. 
uridine from, 1936. 





133. 
= resembling, wit: ’ chabazite- like sorptive properties, 
127 


Zinc iodide, activity coefficients of, 216. 
Zinc soaps, solubility of, in organic solvents, 1750. 
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* Postage extra., All other publications post free. 
t Included with Journal as from January, 1915. 
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ABSTRACTS 


As from January, 1924, the Abstracts were separated from the Journal of the Chemical Society and 
published independently. 


A. Abstracts. ’ a = 
: . £-e..-d, £ 8s. d. 
1924-36 British Chemical Abstracts “ A” (Pure Chemistry) ... per vol. 215 0 315 0 
per part 5 6 7 6 


1937-44 British Chemical and Physiological Abstracts “‘ A’, and 
71945-46 British Abstracts “A.” : 














A. I (General, Physical, and Inorganic Chemistry)... perannum 1 0 0 215 0O* 
per part ~ 2. 0 5 0 : 
A. II (Organic Chemistry) ................s:seeseeeeeeeeee POrannum 1 0 6 215 0* 
per part 2 0 5 0 
A. III (Physiology and Biochemistry) .................. perannum 112 0 4 0 oO 
, per part 3 6 7 6 
A. I, A. II, and A. III together .....................«< Perannum 3 5 0 8 0 OF 
per part 7 6 17 6 
$1947 British Abstracts “‘ A”: 
A. I (General, Physical, and Inorganic Chemistry)... perannum 1 5 0 215 0O* 
per part 2 6 5 0 
A. II (Organic Chemistry) ............:c.csccceseeeeeeeeees POFANnMnUM 110 O 215 0O* 
per part 3 0. 5 0 : 
A. III (Physiology and Biochemistry) .................. perannum 2 0 0 4 0 0O* 
' per part 5 0 7 6 
A. I, A. II, and A. IIT together ....................:+. perannum 415 0 8 0 0O* 
; per part 10 6 17 6 
+1948-49 British Abstracts “ A” : 
A. I (General, Physical, and Inorganic Chemistry)... perannum 1 5 0 215 0o* 
per part 2 6 5 6 
A. II (Organic Chemistry) ...............cceeeeeeeeeeeeeeee POF aNnuM 110 0 310 0* 
, per part 3 0 7 0 
A. III (Physiology and Biochemistry) .................. peramnum 2 0 0 4 5 oF 
per part 5 0 8 6 
A. I, A. II, and A. ITI together.......................... _perannum 415 0 9 0 OF 
; per part 10 6 1 1 0 
C. Abstracts. 
1944 British Chemical and Physiological Abstracts “ C,” and 
1945-46 British Abstracts ‘‘ C ” (Apparatus and Analysis) ...... per annum 5 0 15 0 
per part 1 6 4 6 
71947 British Abstracts “‘ C ’ (Apparatus and Analysis) ...... per annum 7 6 15 0 
per part 1 6 4 6 
1948-49 British Abstracts “ C’’ (Apparatus and Analysis) ...... per annum 7 6 20 0 
> per part 1 6 7 0 
Annual Indexes. 
1924-36 Annual Index to British Chemical Abstracts “ A”’...... per copy 7 0 ll 0 
1937-38 Annual Index to British Chemical and eee : 
Abstracts ‘‘ A’”’ and-“‘ B”’ (combined) ..... per copy 10 6 15 0 
1939-43 Annual Index to British Chemical and Physiological 
Abstracts “A” ........004 per copy 10 6 12 6 
1944 Annual Index to British Chemical and Physiological : 
Abstracts “ A” and “‘C ” (combined) .... per copy 10 6 12 6 
1945-47 Annual Index to British Abstracts “A” end _ Cc ye 
(combined) ......... be per copy 10 6 12 6 
71948 Annual Index to British Abstracts “a” sas “B? “ and ' * ‘O° 7. 
(combimed)  ..... per copy 10 6 1 0 0 
1944 Annual Index to British ‘Chemical and | Physiological 
Abstracts “CC”... yess per copy 2°0 4 6 
1945-46 Annual Index to British ‘Abstracts ' af “Co” 7% seeeascecesesee POP COPY 2 0 4 6 
1947 Annual Index to British Abstracts ““C” ............... per copy 3 0 4 6 
Collective Indexes. 
1923-32 Decennial Index of British Chemical Abstracts “ A” 
~ and “ B” (combined) .. percopy 4 0 0 10 0 0 
1933-37 ae. Index of British Chemical ‘Abstracts 
“A” and “B” (combined) . bs sossneseeee POFCOPy 4 0 0 10:0 0 


* Including one copy of the Index. ; 
+ Obtainable by the public from the Bureau of Abstracts, 9/10, Savile Row, London, W. 1. 
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